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THE BURNING OF THE GREAT BUILDINGS OF THE COLUMBIAN EXPOSITION, CHICAGO. 
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FIRE OF 


DESTRUCTION BY 
BUILDINGS OF THE WORLDS 
BIAN EXPOSITION, CHICAGO 

ANOTHER memorable chapter in the conflagratory 
history of Chicago was recently brought to a close 
when the great buildings of the marvelous Colambian 

Exposition «auk into ashes-—the result, it is believed, 

of the ineendiary’s toreh. The great strike was then 

in active progress 

The Western Ele 


COLUM 


trician, from which our illustra 
tions are derived The Electricity building went 
down with its fellows about the Court of Honor in a 
burst of flery splendor that was, perhaps, after all, the 
most fitting termination of the existence of the grand 
and beautiful structures which were the glory of the 
World's Fair 


The fire originated in the terminal station a few min 


“avs 


utes after «ix o'clock in the evening on July 5. It 
quickly spread to the Administration building and 
thence to the buildings on either side. Before mid 
night the list of large buildings that had been coum- 


pletely destroyed embraced the Administration, Min 
ing, Eleetricity, Manufactures and Agricultural build 
ings, Machinery Hall and the terminal station, as well 
as several bridges and smail buildings and the Casino 
pier The tire department was slow in responding 
the alarm, and after the conflagration was fairly under 
way could do little except to prevent the flames fron 
spreading beyond the grounds. Fortunately for this 
purpose the wind was from the west, although this 
fact rendered the total destruction of the buildines 
about the grand basin more certain. When the fire 
was at its height the scene was one of indescribable 
grandeur, and many thousand spectators were at 
tracted to the park by the tremendous billows of smoke 
iumined by the great glow beneath. The South Side 
lines of transportation made special efforts to carry the 


throng, and several persons were injured by being 
thrown or pushed from the crowded cars, Considering 
the mawnitaude of the fire, the loss was not great, and 


fell principally upon the salvage company which had 
purchased the buildings for the material coutained in 
them. In the Eleetricity building this company had 
placed for sale many pieces of seulptare removed from 
other buildings and portions of the grounds, and this 
collection was, of course, a total loss 
certained, the only electrical apparatus destroved was 
in the old charging station of the Electric Launch and 
Navigation Company, just south of the Agricultural 
building. Several electric launches that still remained 
undisposed of were towed out in safety, but a consider 
able quantity of apparatus, consisting of switches, 
rheostats, measuring instruments, wire and batteries 
was destroyed. 

The illustration here presented shows the Electricity 
and Mining buildings in flames, and is a reproduction 
of a photograph taken about 7:30 p.m. The ruins are 
shown in another view, and the picture gives a good 
idea of the complete devastation wrought by the fire. 
The iron trusses seen dimly in the background through 
the smoke of the still sinouldering embers are those of 
Machinery Hall, which, it is searcely necessary to say, 
was of especial interest to the electrical fraternity last 
vear, sheltering, as it did, the great central station 
plant of 18,000 horse power 

The Electricity building was the first structure of 
the kind to be erected for a general international exhi- 
bition It was 605 feet long and 345 feet wide, and cost 
about $285,000. The architecture carried out the 
Spanish Renaissance idea, modified by a Corinthian 
treatment. The general scheme of the plan was based 
upon a longitudinal nave 115 feet wide and 114 feet 
high, crossed in the middle by a transept of the same 
width and height The exterior walls were composed 
of a eontinuous Corinthian order of pilasters 3 feet 6 
inches wide and 42 feet high, supporting a full entab- 
lature and resting upou a stvlobate of 8 feet 6 inches. 
The total height of the walls from the grade outside 
was 68 feet 6 inches 
building was a pavilion, above which rose an open 
tower 150 feet high. The building had an open portico 
along the whole of the south facade, the lower or Lonie 
order forming an open screen in froat of it. The vari 
ous subordinate pavilions were treated with windows 
and baleonies. The details of the exterior were richly 
decorated, and the pediments, friezes. panels and span- 
drela received a decoration of figures in relief, the gen- 
eral tendeney of which is to illustrate the Purposes of 
the building. In the hemievele on the south front 
stood the fine statute of Franklin, by Robl-Smith, 
now in Philadelphia. The appearance of the exterior 
was that of marble, but the cal of the hemievele and 
of the various porticoes and loggias were enriched with 
color, the pilasters in these places being decorated with 
acagliola, and the eapitals with metallic effects in 
bronze. The building, with its large window spaces 
and high central and corner towers, was especially de 
signed for electrical illumination by night, although 
this feature was not carried out to the extent intended. 


A ONE-LEGGED BICYCLIST. 
A CORRESPONDENT writes: “ While 
the Portsmouth Road the other day | noticed a one 
legged bicyclist pushing his machine up a hill. He 
used a crutch, which, when he was riding, was carried 
like the rifle on a military bieyele. There was, of course, 
only one pedal: but he mounted with ease at the top 
of the hill, and seemed to get plenty of power out of 
his single leg.”— Daily Graphic 


walking along 


THE MECHANISM OF THOUGHT. 


SENSATION is a mere abstraction. In psychological 
terms, it may be said that the contact of the outside 
workd produces in human beings perceptions and not 
simple sensations, Perception is an impression of the 
senses and something besides, viz., a reaction of 
the mind. Let us look about us, and note what takes 
place when an individual is excited by contact with 
the exterior world. Take «a man seated in his study, 
writing. All the objeets about him convey sensations 
to him, and he responds to them ina visible way by 
his acts. The excitements of the outside world, action 
and reaction, the former coming from the outside 
world, the latter from the individual, form a whole, and 
ean only be separated artificially by analysis. It is the 


else 


THE GREAT!) Our ideas, as we have said, are merely revivals of sen-| 
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sation, and these revivals are in many respects indepen- | 
dent of the presence of exterior objects. A kind of out- 
side world, quite distinet from the original, is formed 
in our mind. Our memory, our imagination and our 
reason create an ideal world, which is distinctly visi- 
ble to us in dreams, contemplation and somnambulism. 
In active life we only cateh brief glimpses of it, but we 
have only to shut our eyes and to forget the material 
world, when this world compact of images at once 
takes the place of the other. To be a littl more pre 
cise, let a more exact parallel be substituted for these 
comparisons, which have a purely literary appearance. 
An exterior, material and tangible object meets our 
evye—we see it, we perceive it. What is this perceiving ? 
Does it consist in the consciousness of the physical im- 
pression of the object on our organs of sense? No; it 
is something more thao that. Perception is not merely 
an act of consciousness, it is also an act of cognition. 
Perception then consists in a certain function imposed 
by the mind on simple sensation Sensation is no sooner 
experienced than it gives rise to this work of interpre- 
tation, which is based upon knowledge of the exterior 
world aequired by means of anterior experiences. The 
intervenes to assist us to a knowledge of the 
But it should be understood that every sen 
sation gives rise to an analogous process, It is strange 
to contemplate the really considerable amount of 
psychological exertion demanded by the most element- 
ary cognition of surrounding objects. Ignorant per 
sens readily imagine that no effort is needed in per- 
ceiving, that to see is to understand, and that the out- 
ward world, with all its details, penetrates our mind 
somebow, provided we open the gates of our sensory 
organs. In reality, we are obliged each time to con- 
struct the outward world with our memories ; and the 
vision of distances, which appears the most direct and 
simple, results from a series of complex memories, 
which enable us to set each object in its place. This 
immense work commences as soon as we are conscious 
of the outward world, and it continues unceasingly, in- 
creasing in complexity and perfection without our be- 
ing conscious of it for the greater part of the time, be- 


past 
present. 


A ONE-LEGGED BICYCLIST. 


cause it becomes an automatic activity. To perceive. 
then, is to reason. The idea must be recognized just 
as any other sensation, and although the idea is per- 
sonal to us, since we alone perceive it, we do not take 
cognizance of it by the mere fact that we are conscious 
of it. An effort, an act of reasoning, is necessary for 
the aognition of the ideas that flash across our brain, 
just as there is need of rensoning to recognize the 
material objects that strike our eyes. 

Such is our hypothesis respecting the psychological 
nature of thought. It is ordinarily assumed that among 
the facts of consciousness our thought is that which 
presents the greatest certainty, because it is the only 
one of which we have direct cognition without inter- 
mediary. It may be remembered in this connection 
that Deseartes, when he wanted for his personal satis- 
faction to reconstruct the whole system of his cogni 
tions, resolved to doubt everything that did not seem 
to him clearly demonstrated, and the only thing that 
resisted the onslaught of his methodical doubt was his 
thought. He perceived that he might doubt every- 
thing but his doubt itself. Many philosophers since 
then, when entangled in some obscure discussion, have 
adduced the testimony of their own consciousness as a 
proof which was infallible. because it was direct : and 
some have not hesitated to maintain that our inner 
consciousness not only reaches phenomena, but even 
penetrates to the cause and substance, that is to say, 
to the soul. We are compelled to recognize the exist- 
ence of .such opinions: we must fight them, to secure 
the triumph of our hypothesis: and, if we succeed, it 
will not be one of the least important results to have 
shown that there is no infallible criterion of truth in 
consciousness, There are several methods of demon- 
strating that exterior perception is a mediate cognition, 
which is created by the assistance of reasoning. The 
best method consists in showing that exterior perception 
is fallible. The illusion of our senses reveals the part play- 
ed by the mind in perception; it lavs bare the reason- 
ing contained in it. The senses do not deceive us—their 
province is to record our sensations—but the mind is 
deceived by drawing an inaccurate conclusion from the 
sensations. In other terms, the illusion of the senses arises 
from the union of a sensation with an image that does 
not correspond to reality.—<Alfred Binet, in the Fort- 


same, in our opinion, with the phenomena of ideation, | nightly Review, 


WOOL AND ITS MANUFACTURE. 

Tuk Pascoag (R. L.) Herald bas lately issued a large 
and interesting number, being a historical edition, illus 
trated with engravings, containing the local history of 
the various manufacturing establishments of the town 
of Burrillville, R. 1. Much interesting and valuable 
information is given in this historical edition relating 
to the early days of the American cloth industries. The 
opening chapters embrace remarks upon wool and its 
manufacture, from which we take the following : 

The ure of wool as a material for making clothing 
dates from a period in the history of the human race 
long before the time of authentic history. When 
primitive men first began to clothe themselves it was 
poy with the proverbial * fig leaf,” followed soon 
»y the skins of animals, The next step very likely was 
brought about by observing how the fleeces of sheep 
would form a thick and warm garment when put 
through a process of natural felting, and this observa- 
tion would naturally be succeeded by attempts to pro- 
duce the same results artificially. That this knowledge 
and the art of weaving wool into cloth were acquired 
by men in a very remote age is proved by the frag- 
ments of woven woolen cloth Seaed in the detritus of 
the cave and lake dwellers and other primitive men. 
The same evidence also goes to show that the sheep 
was the first and most common of the domestic ani- 
mals, as its bones are found intermingled with some of 
the most ancient human remains discovered. Every 
evidence goes to show that wool was the first of the 
textiles to be spun and woven, and it has continued 
to be the most universally used, and the most widely 
diffused for all purposes of clothing. 

The inventions of the arts of weaving and spinning 
have been the subjeet of traditions almost as wide- 
spread as the legends of the creation and the deluge. 
The importance of these arts, and the impossibility of 
ascertaining when they originated, led all the ancient 
peoples to ascribe their invention to the gods or god- 
desses. Thus, among the Greeks, ancient statues of 
Minerva represent her with a distaff, indicating that 
she taught the art of spinning ; the Egyptians claimed 
that honor for Isis; the Arabians gave the credit to 
jone of the sons of Japhet, and the Chinese to one of 
their ancient queens, who is said to have invented the 
loom. 

In the most ancient times within the domain of 
written history, the robes of oriental kings, queens 
and royal personages were of * purple.” pure womens, 
colored with Tyrian dye. The coverings of the Jewish 
tabernacle, when the chosen nation journeyed in the 
wilderness, were made of “fine twined linen,” and fine 
| woolens dyed “blue, and purple, and scarlet.” To be 
| “born to the purple,” was to be a scion of a royal race, 
}owing to the fact that the right to wear these highest 
| products of human skill was for a long period the 
exclusive prerogative of kings, and in those times the 
| common people wore the coarsest kinds of clothing, 
sackeloth, and garments of camels’ and goats’ hair. 

The other leading textiles came into use in special 
localities, and at a wuch later period than wool. Cot- 
j ton is supposed to have been first manufactured in 
| India, where its lightness rendered it suitable for the 
| torrid climate ; but it did not become known in Europe 
until about the beginning of the Christian era. Silk 
is also of eastern origin and wus very likely first woven 
in China. Confucius, in a book written 2.300 vears 
ago, gives minute directions as to its manufacture. 
| Linen was made in Egypt in very early times, and was 
| used for fine clothing and to shroud the dead. The 

mummies found in the tombs by modern excavators 
are wrapped in strips of linen. 


PRIMITIVE METHODS OF SPINNING 


Weaving and spinning wool and other textiles, until 
within the past hundred vears, in all parts of the 
world and among all nations, whether civilized or bar- 
barous, was almost wholly a domestic operation, car 
jried on chiefly by families or groups of families to 
supply their own needs. In some localities, as skill 
was developed, weavers and spinners devoted them- 
selves entirely to the industry, but, owing to the 
primitive character of the machinery. the work was 
all done either in the dwellings of the workers or in 
common rooms, where two or three looms would be 
operated, each by its owner. An old writer gives an 
account of 2.000 Jews in the city of Thebes, who were 
in the twelfth century “the most eminent manufac 
turers of silk and purple cloth in all Greece.” In the 
thirteenth century Florence was « great center of the 
woolen industry, and is said to have produced 100,000 
pieces of cloth annually in 300 shops and houses. The 
inhabitants of Flanders developed great skill as cloth 
makers in the twelfth, thirteenth and fourteenth cen- 
turies, but on account of the persecutions of the guilds, 
who, for violations of their rules, drove the weavers 
from their homes, many of these artisans emigrated 
into England. where they settled at London, in York- 
shire, and Lancashire, at Nottingham, Bristol, ane 
elsewhere, and laid the foundations of the great and 
diversified textile industries for which England became 
pre-eminent even before the invention of modern ma- 
chinery, The manufacture was introduced into France 
in the same manner. The revocation of the edict of 
Nantes in 1672, it is computed. caused 100,000 workmen 
to flee from France to England. and they introduced 
many new industries, and improved on methods in use, 
especially in the woolen trade. They also introduced 
the silk manufacture, the making of buttons, beaver 
hats, and ealico printing. 

Some of the familiar terms now used in the manu- 
facture to designate kinds of cloth or details in the 
processes are said to owe their origin to the Flemings, 
who first introduced them into England. Thus the 
term “hank” is claimed to be derived from Hankemus 
de Brabant, whe settled at York, and the word 
“blanket” from three brothers of that name, who be- 
gan the manufacture of those ar:icles at Bristol. The 
name “worsted” is derived from the town of Wor- 
stead, in Norfolk, England, where that kind of cloth 
was first made. 

The earliest known contrivance for spinning was the 
distaff. which was simply a forked stick around which 
was wrapped a bunch of combed or carded fiber, 


AND WERAVING. 


and the method of using it was to hold it in the left 
hand. while with the right the fiber was drawn out. 
twisted, and wound on a round stick called a spindle. 


| On this method the spinning wheel was a great ad- 
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vance, as by its neans the spindle was made to revolve, 
a twist was given to the yarn, and the whole operation 
was performed more quickly. The spinning wheel is 
said, by some authorities, to have been invented in 
India centuries ago and by others to have originated 
in England in 1530. The fact is certain, however, that 
it did not come into use in Europe until about that 
time. Early looms were very primitive contrivances, 
in some instances consisting of a few upright sticks 
and a hole in the ground. Even with such seemingly 
inadequate apparatus some of the artisans in the far 
East have in the past produced fabries that rival in 
texture and quality anything ever made. The hand 
loows in use in Europe were somewhat more elaborate 
affairs, but, according to our present ideas, very cum- 
brous and clumsy, and only capable of doing an ex- 
ceedingly limited amount of work, and that, too, with 
much labor on the part of the weaver. 


INVENTION OF MACHINERY. 


The domestic manufacture of textiles continued to 
be the only general plan of carrying on the industry 
until the latter part of the last century, when, through 
the invention of various machines, the factory system 

was made possible. The father of the factory system 
was Richard Arkwright, who improved, if he did not 
invent, some of the most important devices for spin- 
ning, but whose chief merit was that he was a superb 
organizer, being able to take the separate ideas and 
inventions of other men and combine them into a 
harmonious system. His immediate predecessors and 
his contemporaries had made this possible by many 
important inventions, 

Although a number of minor devices had been in- 
vented and patented previous to 1733, the fly shuttle 
patented in that year by John Kay, of Bury, Lanca- 
shire, England, was the first important textile inven- 
tion, and the beginning of that remarkable series 
whose combination and extension have revolutionized 
industry and ushered in the modern era, which differs 
so radically, socially and economically, from all former 
periods. Before this invention came into use the 
weaver had to throw the shuttle by hand, but by the 
new device it was passed through the weave of the 
warp in the same manner as at present on a modern 
power loom, the weaver pulling astring to communi 
eate the necessary force toit. This invention made 
weaving much wore effective than before, and, as a 
consequence, a spinster with her spinning wheel and 
its solitary spindle could not supply the yarn quickly 
enough, nor keep up with the demands of the weaver 
provided with the new shuttle. In order to meet this 
difficulty, efforts were made to devise new methods of 
spinning. James Wyatt, of Lichfield, England, in- 
vented a roller spinning machine, for which Lewis 
Paul took out a patent in 1738, but this machine, 
although said to embody the principle finally adopted 
in Arkwright’s machines, never came into use, and it 
has been supposed that it lacked the feature of fluted 
rollers which made the latter machine a success. 

Not until after James Hargreaves invented the spin- 
ning jenny, in 1767, was the spinning wheel supplanted. 
He obtained a patent June 12, 1770. His first machine 
had eight spindles, which were made to revolve to- 


vether. but he developed the mechanism to such an) 


extent that he finally made a jenny of eighty spindles. 
Tie Jenny did so much more work than the spinning 
wheel that the spinners, fearing their occupation 
would be gone, broke into Hargreaves’ shop at Black- 
burn, England, and destroved his machinery. He sub- 
seque -ntly built a small mill at Nottingham, England, 
and established a spinning business, 

These inventions—the fly shuttle and the spinning 
jenny—were adapted to the manufacture of either 
wool or cotton, and were used in both those industries, 
The main invention of Richard Arkwright, roller spin- 
ning, was particularly designed for the cotton manu- 
facture, although it was subsequently readily applied 
in worsted spinning, and all the different processes, 
which Arkwright systematized into a mill for the first 
time, were adapted for the spinning of cotton yarn. 
He obtained his first patent in 1769. This was for 
roller spinning. 

Arkwright’s roller spinning machine was commonly 
known as the water frame from the fact that it was 
operated by water power, and that great inventor was 
the first to apply on an extensive scale this method of 
running machinery. 
have been the first mill engineer. and in ability, fore- 
sight. and the power to shape means to ends he bas 
never been surpassed. In 1775 he obtained patents for 
improvements in the preparatory oe After a 
number of lawsuits in regard to these patents, alter- 
nately winning and losing, in 1785 they were all can- 
celed. This result did not interfere with his success 
as amanufacturer. He continued to operate a number 
of mills, had over 5,000 "people in his employment, ac- 
cumulated an immense fortune, was Knighted in 1786, 
— ‘no he became Sir Richard Arkwright, and died Aug 
13, 1792, at the age of 60. When he began life he was a | 
we Rivet barber, with little or no education. 

The next event of importance in the development of 
the textile machinery was the invention of the spinuing 
mule, which derived its name from the fact that it was 
a combination of the jenny of Hargreaves and the 
roller spinning of Arkwright. 


riage, on which the spindles were placed. 
chine was invented by Samuel Crompton, of Bolton, 
Lancashire, England, in 177% He failed to patent it, 
but in view of the importance of the invention, Parlia- 
ment granted him £5,000. This machine is adapted to 


woolen as well as cotton spinning, and with some dif- | 


ference in detail, and under the name of the jack, per- 
forms the work of spinning in the woolen manufacture. 

Crompton’s machine was operated partly by hand 
and partly by power. In 1792, William Kelley, of Glas- 
gow, Scotland, improved the machine, so that it could 
be moved to a much greater extent by power, and the 
spinner onlv had to guide the carriage on its inward 
trips. The self-acting mule was invented by Richard 
Roberts, of Manchester, England, in 1825, and in 1832 
he obtained another patent for a radial arm, or sector, 
which adapted the machine for wool spinning. It was 


many vears before this improved machine came into | 


general use, and in fact until within twenty-five or 
thirty years ago, hand mules or jacks were in alte 
common use in the smaller mills in America and 
land. 


He may with justice be said to, 


It consisted of a long | 
bank of rollers and a movable frame, called the car- | 
This wma- | 


INVENTION OF CYLINDER CARDS. 


All the inventions so far mentioned, with the excep- 
tion of the fly shuttle, were improvements in the art 
of spinning, and although they have been utilized 
with wonderful effect in the woolen manufacture, they 
were primarily chiefly designed for the cotton manu- 
facture, and have reached their highest development 
and perfection in that industry. 

In cotton the fundamental process is the spinning of 
the varn into an even, strong and continuous thread, 
while in wool the initial point aimed at is the mixing | 
and straightening of the fibers, amd this has always 
been accomplished by carding. The primitive methods 
of this art were as clumsy and inefficient as the origi 
nal ways of spinning and weaving. The carder with 
two wire brushes straightened out the fibers slowly 
|and carefully, by placing tufts of wool between, and 
drawing one card over the other repeatedly. An im 
wrovement on this method, which came into use in the 
learly part of the last century, was known as the stock 
eard, and consisted of a large flat board, set at an 
angle on the top of a frame. on which coarse cards 
were placed. The workman held in his hand a similar 
board covered with cards and by a seesaw motion over 
the stationary “‘stock the fibers were carded. 

Before the spinning machines, whose history we have 
detailed, were invented, the modern carding engine 
was invented, and it was the starting point in the de- 
velopment of the woolen industry, as the spinning ma- 
ehinery had been in cotton. Daniel Bourne, an Eng- 
lish mechanic, invented the cylinder ecard, and obtained 
a patent January 2, 174. This machine embodied 

the principles employed in all carding machites now 
in use in either cotton or wool manipulation, and has 
only been improved in detail since its invention. The 
method of its operation was the play of revolving eylin- 
ders against each other. Lewis Paul, to whom has 
sometimes been ascribed the invention of the eylinder 
eard, obtained a patent in August of the same year, 
= a flat surface card that proved of no practical 

alue. Improvements in the details of the eylinder 
bom were made both by Richard Arkwright and 
James Hargreaves, the former inventing the doffer 
comb, and the workers and shippers, and the latter in- 
venting the “fancy.” These additions practically 
made the machine what it is to-day. 

The making of card clothing was found to be very 
essential, but for a long time no successful machine 
was constructed that would dothe work. A patent 
was granted to William Pennington in England, in 
1750, for a curd making machine, but this was only a 
device for holding the leather tight and verforating it 
with holes. Samuel Slater had much cifficulty in get- 
ting the eard clothing made for his original cards, and 
the work was finally done by Pliny Earle, of Leicester, 
Mass., by hand entirely. Clement Sharp and Amos 
Whittemore obtained a patent in 1799 for a complete 
card clothing machine, which would make the holes 
and insert the wire. This at first was a very crude 
'machine, but it was brought to perfection by J. C. 
Dyer, of Denton, near Manchester, Eng.. who laid the 
foundations of the largest business in this specialty in 
the world. 


THE POWER LOOM, 


Even with all these machines in operation, and al- 
though the spinning of cotton was carried on in facto- 
ries, the weaving of the cloth was all performed in 
dwelling houses and small shops, the weavers obtain 
ing their varns from the larger establishments of the 
cotton spinners rs and the wool carders The hand loom 
weavers thus became a very important class of crafts- 
men; their labor was in yreat demand, and with the 
machinery at their command, they could not keep 
pace with the output of the spinning mules, roller spin- 
ning frames and eylinder cards. As a consequence 
there was created a desire for better methods of weav- 
ing, to supplant the hand loom. Strange to say this 
want was met through the invention of the power 
loom by a clergyman, the Rev. Edinund Cartwright, 
who had no previous knowledge of mechanics or weav- 
ing, but who, realizing the necessity of the invention, 
set himselffto the task of effecting it. In this endeavor 
he succeeded, and invented the power loom in 1785, 
secured his first patent in 1790, and his final patent in 
1801, at which time his loom embodied all the essential 
principles of the machine as it pow exists. Mr. Cart- 
wright a so invented a wool combing machine. 
| The weaving of patterns into cloth was accomplished 
on hand looms by inserting shuttles of different colors, 
and also by the assistance of “draw boys,” who at the 
direction of the weaver raised or lowered certain of the 
threads. The first operation was successfully accom- 

plished by mechanical means through the invention 
of drop boxes in 1760, by Robert Kay, son of the inven- 
tor of the fly shuttle. But the forming of an intricate 
pattern by mechanical means was a more difficult un- 
| dertaking. It was, however, accomplished in 1801, by 
| Marie Joseph Jacquard, of Lyons, France, who invent- 
ed a device which raised or lowered the threads of the 


| warps as desired, and formed any pattern that might | l i 
j} made in this manner that not one in a hundred thou- 


|be required. The Jacquard attachment is used on 
nearly all woolen 
branches of the textile manufacture, unlike that 


cotton, nearly all goods have a pattern. 
THE ORGANIZATION OF THE WOOLEN INDUSTRY. 
When all these essential inventions were in existence 


of 


operated either by water power or by steam engines, 
which were brought to a high degree of perfection by 
James Watt in 1781. Arkwright used a steam engine 
to run one of his mills at Nottingham in 1790, and this 
is believed to have been the earliest use of steam pow- 
er to operate a will. No particular man seems to have 
performed the same functions in systematizing the 
woolen manufacture that Arkwright did for the cot- 
ton spinning industry, but its organization proceeded 
along the lines started by him, and was carried on by | 
such a multitude of individuals that no one attained 
special prominence. The machinery and the processes 
in both the cotton and woolen manufactures have been 
brought to their present high degree of perfection 
through inventions and improvements made chiefly by | 
the men who have been engaged in these manufac- 
' tures, or who have operated the machinery. The vast 
majority of these men are unknown to fame. as in 
‘many instances while the devices or the methods they 

effected great savings in Jabor, in the aggre- 


gate, ond increased efficiency yet in only a 


comparatively small proportion of instances were these 


improvements of such importance, even When patented, 
as to stand out conspicuously among a great mass of 
similar achievements. On the whole, the present or- 
ganization of the woolen industry is due entirely to 
the active manufacturers and mechanics, who, during 
the years since the beginning of the present century, 
have, each in his own line, labored to du the work be- 
fore them in the best way, and to improve on previous 
methods if possible. 


WOOL FIBERS, 
The term wool usually means the fleece of the sheep, 
but the name is also applied to the covering of the 


Cashmere goat, the Angora goat, the llama, the al- 
paca, the vicugna, the camel, and some other ani- 


mals, From the fleece of the Cashmere goats are made 
the exquisitely fine shawls that have been famous for 
ages. The wool of the Angora goat is known as mo- 


hair, and is mostly used in the manutacture of plush 
and in imitations of furs and skins of animals, The 
fleece of the alpaca was woven by the ancient Peru- 
vians into all sorts of clothing, but it was not generally 
known in Europe until it was utilized by Sir Titus Salt 
in his great factories at Saltaire, England, within the 
last half century. Aipaca is now a well Known dress 
material, and its manufacture is an important indus- 


When wool is spoken of, however, sheep's wool is 
meant, as the other varieties are always referred te by 
their proper names. Wool is the most useful of the 
animal fibers, having qualities that render it for all 
general purposes superior to any other textile material, 
and it is more widely used than any other fiber, as 
sheep are found in ail parts of the globe, in all eli- 
mates, and have always furnished the chief source of 
clothing material. Caring for sheep in ancient times 
was, among the early Avrans and the Oriental nations, 
a kingly occupation, and many of the greatest poeus 
of all ages have had for their theme the celebration of 
the joys of the pastoral life. All this simply illustrates 
the important place sheep have occupied among men, 
This position they still bold in a measure, notwith- 
standing the vastly increased use of other textiles, 
especially cotton and silk; and even in our time this 
is well illustrated by the fact that the battle for high 
or low tariffs rages around the question of whether we 
shall have free or taxed wool. For purposes of manu- 
facture wool is divided into two general classes: First 
—short woo!, sometimes also called fine or clothing 
wool Second—long or combing wool, The highest 
quality of short wool is furnished by the merino sheep, 
which originated in Spain, but have been brought to 
superior perfection in Saxony and Australia. In gen- 
eral the short wool is the finest kind, and is used to 
produce mary of the highest qualities of cloth, 
although it may be said that some Lome wools are very 
fine, and some of the goods made from them by the 
ever-increasing perfection of the manufactaring pro- 
cesses are unsurpassed in fineness and quality. Long 
wools are the fibers used in the worsted manufacture, 


while the short wools are specially utilized to make 
|} woolen clothing. Of the various kinds of wool in 
these two classes. it is not necessary to speak here, 


and worsted looms, as in these. 


it then became possible to combine them into factories, | 


especially as to do so would involve too much detail. 
he wool fiber has many peculiarities of structure 
that render it the best adapted of all animal fibers for 
purposes of manufacture. When examined under the 
microscope the fiber is shown to be covered with 
minute scales overlying each other, and provided with 
projecting points or hooks. In a single fiber of 
merino a one inch in length, there are said to be 
2,400 of these seales! in one of Saxony, 2,700; in South 
Down, 2,080; in Leister, 1,860. The importance of 
these seales in combining the fibers into cloth, either 
by felting or by spinning and weaving, is apparent, as 
the vast number of these hooks and scales, when sep- 
arate fibers are brought together, cause them to inter- 
lock to an astonishing degree, ‘and in fact it is this 
very quality that results in the effect known as felting, 
and makes possible fulling and numerous other pheno- 
mena of the manufacture of wool, These imbrications 
also give to wool its quality of readily absorbing dyes, 
in which respect it is much superior to other textiles, 


MIXING FIBERS. 


Nowadays the use of both shoddy and mungo is 
common, but such is the skill with which they are 
intermixed with pure wool that only experts ean de- 
tect their presence, and then sometimes ouly by severe 
tests. Shoddy is made from remnants and rags of 
stockings flannels, knit goods of all kinds, ard other 
soft woolens, which have vot been felted or milled 
during their manufacture. Mungo is composed of 
hard woolen rags from broadeloths and other felted 
goods. These rags are reduced to a fibrous condition, 
and then mixed in the factory with the raw wool. By 
the time the cloth is finished, the fibers are so inter- 
mixed that the foreign material can hardly be de- 
tected by the microscope. Such fine goods are now 


sand of those who wear them have the slighest sus- 
picion of their origin. But of course both the artifi- 
cial fibers, if they may be thus named, are of pure 
wool, and their use has effected a great saving in ma- 
terial without any corresponding deterioration in the 
finished product. Shoddy was first utilized by John 
Watson, of Hungerhill, Moriey, England, in 1834, 
Still another “ artificial fiber” is obtained from rags of 
mixed fabrics, the woot being separated from the cot- 
ton by chemical means. The resulting substance is 
known as “extract.” and the process as “ extracting,” 
which is also applied to cleansing raw wool from vege- 
tal substances. 

In all but the very finest of woolen cloths at the 
»yresent day, cotton forms a part of the fabric, being 
introduced into the cloth as a portion of the warp, 
‘and so buried in the cloth in t weaving that it is 
almost impossible to detect its presence. 

PROCESSES OF WOOLEN MANUFACTURE, 

To describe in detail all the processes of the various 
branches of the woolen manufacture would require 
more space than can be devoted to it in this connec- 
ition. A brief mention of their important features is 
all that will be attempted. 

There are three main processes of manufactare, 
nawely, felting, woolen and worsted, Felting is the 
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means of pressure and friction, and is accomplished 
by passing a number of carded laps of wool through a 
series of heavy rollers, heated with steam and im 
mersed in hot water The lap passing in at one end 
as a thick sheet of wadding. comes out at the other a 
thin, compact cloth. Very inferior wools can be used 
in this process, and the noils or short fibers left from 
the combings of long staple wools are frequently used 
Felts are used for a great variety of purposes, includ 
ing hata, horse blankets, drugyets, steampipe cover 


ings, ete 

Mie making of short wools into cloths is the most 
important of the woolen manufactures, and to it: the 
term “woolen” is specifically applied The manu- 
facture is at present carried on in large factories where 
all the processes fit into each other, the whole form 
ing a connected series, not exactly alike in all the 
mills, but differing siightly according to the particular 
specialty, When the raw wool arrives at the mill it is 
sorted and then washed to free it from dirt and foreign 
substances, It is then blended with other fibers, if 
such are used in the particular manufacture ; is next 
passed through the picker to straighten out the fibers ; 
and is then oiled to overcome the harshness or dryness 
resulting from washing and scouring, so as to prevent 
the breaking or fraying of the natural barbs of the 
fibers, All these are what may be called the prepara 
tory processes, and are substantially alike in all woolen 
factories : differing only in the details rendered neces 
sary by the introduction of other fibers, or the quality 
of the wool itself The wool being cleaned and oiled 
is ready for the cards, which, as now perfected, eon 
vert the raw waterial from its condition of unar 
ranged fibers into a uniform thread or staple, ready 
for the spinner. Cards are operated in sets of three, 
named respectively breaker 


doubler and finisher 
The principle of operation is alike in all) The wool is 
automatically fed into the breaker, which consists of a 
large cylinder, covered with card cloth, around which 
are placed a number of smaller cylinders similarly 
equipped, and which revolve in contact with the large 
eylinder, The wool between these eylinders 
and is torn by the teeth and pulled out into the form 
of a uniform sheet, Known as a lap, while various in 
tricate and ingenious automatic contrivances disen 
gage it from the cylinders and lead it out to the next 
ecard. The second card in the set runs two laps, pro 
duced from the first card, the object being to equalize 
any irregularities, The final carding is done by the 
finisher, which delivers the lap to an attachment, 
known as the condenser. This divides the lap into 
strands, which then pass through rollers that have an 
oscillating motion, thereby forming each strand into a 
loose untwisted sliver, or thread. Ti ese slivers are, 
by the action of the machine, wound on small beams, 
and in that form are used on the mules to spin yarn 
from, the most improved machines giving off as many 
as 72 threads, 

Spinning woolen yarn on mules is substantially a 
similar operation to cotton mule spinning, the object 
in both cases being to form a fine thread of sufficient 
strength to stand the strain of weaving, and this is 
accowplished by drawing out the fiber and by twisting 
the thread. The machines used in spinning woolen yarn 
have rollers with smooth surfaces, whereas those used 
for cotton have fluted surfaces 

The subsequent processes of the woolen manufacture 
may be summarized asthe weaving and the finishing 
Weaving is the same in all textile industries, Perhaps 
the most distinctive of the finishing processes is the 
fulling, which is resorted to for the purpose of giving 
greater body to the cloth, and is the result of the same 
quality of the wool fiber that makes felting: possible 

t is accomplished by pressure, pounding, and the ae 
application of water, and is now done by 
machinery. It is the same phenomenon that troubles 
the housewife when “all wool” andergarments shrink 
up after repeated washings and rubbings. 

Dyeing, trimming, shearing, sewing, curling, teas- 
ing, and a number of other processes are all incidents 
of the finishing operations, which in the final manipua 
lation of woolen cloth are very important. At present 
most of these operations are performed by mechanical 
Theans, 

The preparation of long wools in the worsted manu- 
facture has many points of difference from those em 
ployed in woolens. In worsted the fundamental op 
eration is combing, which is now performed by a 
machine invented originally by William Lister, in 1823, 
and greatly improved by J. Heilman, an Alsatian, in 
1846 $~This gave «a great impetus to the worsted manu 
facture, as by the old methods of hand combing the 
results were very unsatisfactory. The combing ma- 
chine draws out the long staple wool, placing the 
fibers parallel with each other, and delivers a sliver, 
which is reduced down to an attenuated roving by 
processes similar to those used in the cotton manufac 
ture, and is then spun into yarn on spinning frames or 
mules, in substantially the same manner as cotton 
Combing machines at present are also made to operate 
on short wools as well ason long. The short fibers 
that are rejected by the combers when the long staples 
are pulled out are known as noils, and are used for 
felting, shoddy and a variety of purposes, 


THE WOOLEN INDUSTRY IN AMERICA, 


Although, as has already been told, spinning ma- 
chinery had been brought to a great degree of perfec- 
tion in England by Arkwright as early as 1774, and 
eylinder cards had been in use in that country fora 
quarter of a century previous to that date, vet it was 
not until 1790 that Samuel Slater successfully started 
cotton spinning at Pawtucket, and the carding of wool 
by the improved methods was not accomplished until 

The reasons for this slow introduction of the new 
machinery into America were many.* The revolution- 
ary war wholly prevented any commercial intercourse 
between England and America from 1776 to 17838 and 
after the declaration of peace the people had not the 
means to secure plans and samples of the wonderful new 
machinery, whose existence had been faintly rumored, 
and was known only to a very few individuals. Buta 
more potent cause was the policy of the British gov 
ernment, which, ander heavy penalties, forbade the 
exportation of “any machine, engine, tool, press, 
paper, utensil, or implement, or any part thereof, 
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goods wherein wool, cotton or silk were used, or any 
model or plan thereof.” 

Not only was this law in existence, but it was rigidly 
enforeed, so that if any plans or machines were brought 
away from Great Britain, it was by stealth. Samuel 
Slater, it is commonly supposed, had no plans of the 
cotton machinery: but, from the rough drawings he 
made from memory, with the assistance of Sylvanus 
Brown he was enabled to construct his first machinery 
Even as late as 1840, the self-acting mule was intro- 
duced into this country with great difficulty by Wil 
liam ©. Davol, of Fall River, because the laws against 
the exportation of improved machinery were still in 
forcein England. Mr. Davol succeeded finally in seeur 
ing one of these mules by having it shipped to Havre, 
France, and when it arrived in this country it was in 
pieces a few inches in length, and was invoiced as hard- 
ware. 

As the initial point in the woolen manufacture is the 
operation of carding, the date of the beginning of the 
modern way of manufacturing must be the time when 
the evlinder cards, invented in England by Daniel 
Bourne in 1745, were first put in operation here. 

Accounts seem to agree that John and Arthur Schol- 
field were the pioneers, and that they constructed the 
first wool carding machine in America, and put it into 
operation in 174. These two men were brothers, na- 
tives of Standich-foot, Saddleworth, Yorkshire, Eng- 
land. They had been brought up in the woolen in- 
dustry, and were familiar with all the best methods in 
use in England. In May, 1793, they arrived in Boston, 
and resided in Charlestown until December of the same 
vear. Here they started in their house the manufac- 
ture of woolen cloth, in company with John Shaw, a 
spinner and weaver, who had come with them from 
England. John Scholfield built the machinery him- 
self, and it consisted of a band loom and a spinning 
jenny, of 40 spindles. During this time they became 
acquainted with Jedediah Morse, author of “ Morse’s 
Gieography and Gazetteer,” who, being convinced that 
they understood the construction of the machinery 
and the manufacture of woolens, introduced them to 
wealthy residents of Newburyport, Mass., who fur- 
nished the capital to start a woolen factory in that 
neighborhood. The Scholflelds went to Newburyport 
Dec. 1, 1793, taking with them the machinery they had 
used in Charlestown, and began at once the construe- 
tion of a wool carding machine. The work on this 
machine was done in a room in Lord Timothy Dexter's 
stable, and it was there exhibited to persons interested 
in the enterprise. While this machine was being built 
the Scholfields continued to weave cloth at Newbury- 
port on their own account, but when the card was 
completed they sold their machinery to the company 
and removed it, together with the new machine, to 
Byfield, near Newburyport, where a factory three 
stories high and one hundred feet long was built, and 
started in 174 under their supervision, 

“John Seholfield was employed as overseer of the 
weaving, and as agent of the company in the purchase 
of the wool Arthur was overseer of the carding. 
John Shaw was emploved as a weaver, and he worked 
in the factory a number of years.” 

This is “the first instance of a woolen factory with 
improved machinery erected in the United States 
where the manufacture was successfully accomplished, 
all previous attempts having been unsuccessful by rea- 
son of imperfect machinery.” 

John Seholfield, who seems to have been the lead- 
ing spirit in this enterprise, remained at Byfield about 
tive years. In 1798 be and his brother sold their inter- 
est in the Byfield faetory, leased a valuable water 
privilege at the mouth of the Oxoboxo River, in Mont 
ville, Conn., and built a factory at Uneasville, which 
was the first woolen mill in Connecti cut. 

The business at Byfield was, after the departure of 
the Scholtields, sold out to John Lees and John Tay 
lor, English weavers, who had been employed in the 
factory, but they failed to carry it on suecessfully. 

John and Arthur Scholfield contin ued in company 
at Uneasville until 1801, when Arthur sold out and re 
moved to Pittsfield, where he built a carding machine, 
carried on the business of carding rolls, and built card- 
ing machines for sale, by this means becoming the 
pioneer and teacher of the woolen manufacture by the 
improved methods in Berkshire County. The first 
broadcloth made in America was woven by Arthur 
Scholfield in 1804, and was of a gray mixture. In 1808 
he manufactured thirteen yards of black broadcloth 
from the fleeces of selected merino sheep, which was 
presented to James Madison, and was made up into 
the suit which he wore on his inauguration as Presi- 
dent. 

John Scholfield remained at Uneasville until 1806, 
when he sold out and purchased a factory property in 
Stonington, near Paweatuck bridge, Westerly, and 
started a woolen mill, which his sons continued to 
operate until 1834. In 1813 he purchased a factory and 
water privilege four miles from the mouth of the Oxo- 
boxo River, in Montville, and here lived and conducted 
the woolen manufacture the remainder of his life. In 
1814 he purchased a mill privilege at Waterford, Coun., 
where he built a woolen factory. At his death, Feb. 
28, 1820, aged @&, he owned these three factory proper- 
ties. 

Another early manufacturer, who it is claimed had 
much to do with the introduction of woolen carding, 
independently of the Scholfields, was James Saunder- 
son, a Seotchman, who came to this country in 17, 
settled at New Ipswich, N. H., in 1801, and there put 
in operation a carding machine, which was the first in 
that State. Mr. Saunderson also had the rare skill of 
dveing indigo blue by the same process as is now prac 
ticed in the best manufacturing establishments. 

Fulling and finishing mills were in operation before 
the Scholfields’ time in many New England towns, and 
to these mills the hand loom weavers brought their 
cloth to be sheared and fulled, as such operation could 
only be performed to advantage on a moderately large 
seale. As much as forty or fifty cents a yard was 
often charged for this service. These mills were fre 
quently known as “clothiers’ works,” and were in 
many cases the pioneers of our most prosperous exist- 
ing factories. 


FIRST WOOLEN MILLIS IN RHODE ISLAND. 
“ The first attempt at woolen manufacture in Rhode 


combining of carded layers of wool into a fabrie by | woolen, cotton or silk manufacture of the kingdom, or| John Warren Knowles, who set up a carding machine 


in 1804, and soon afterward sold out to Rowland Haz- 
ard. This machine simply carded the wool into rolls, 
which were put out to be spun by band.” About 1812, 
according to the Hon. Zachariah Allen, the Provi- 
dence Woolen Manufacturing Company, consisting of 
Sullivan Dorr, Samuel G. Arnold, Joseph Martin, 
Daniel Lyman and E. K. Randal, was organized to 
manufacture broadecloths. They erected a large stone 
mill, which now forms part of the Allen Print Works: 
it was operated with a steam engine, made by Oliver 
Evans. of Philadelphia, and the first to be used in 
Rhode Island ; they put in the best and most improved 
machinery they could procure. The influx of foreign 
woolens after the close of the war of 1812 brought 
down the price of cloth so low that the company could 
not continue its manufacture, the stock was sold at a 
loss of $150,000, and the mill was closed. 

Zachariah Allen erected a mill at Allendale, North 
Providence. in 1822, for the manufacture of broad- 
cloths, and there started the first power looms operated 
on those goods in the State. He used the latest im- 
proved machinery as it appeared, and made a number 
of important improvements himself, inventing the ex- 
tension roller, and first introduced steam rolling to 
give a gloss to finished cloth. In 1839 Mr. Allen con- 
verted his factory into a cotton mill. 


THE GRANITE MILL. 

The largest will in the village of Pascoag, as well as 
in the town of Burriilville, is the Granite Mill, so called, 
situated in the central part of the village, and near the 
outlet of the Pascoag reservoir. The main building is 
a massive four-story stone structure, with a fine tower, 
and is surrounded with a number of companion build- 
ings in which various processes of the manufacture are 
earried on; bat their proximity to the mill somewhat 
obscures the view of it to be had from the street, and 
it does not loom up apparently as large as it is actually. 
A long extension, three stories in beight and of greater 
length than the main building, connects with it and 
forms one continuous structure. This extension has a 
French roof, and the main part has a sloping roof, 
with dormer windows, so that in reality each has an ad- 
ditional story. The total length of these two parts is 
300 feet. This will is managed by Albert L. Sayles, 
the patriarch of the woolen manufacture in the town 
and in the State of Rhode Island as well. His family 
have conducted the woolen business on this site for the 
past three generations, and the fourth generation, his 
sons Albert H. and Fred. L., are interested with him at 
present in the business. the firm being A. L. Sayles & 
Sons. Mr. Sayles himself has, however, the direct over- 
sight of this mill. 

The capacity of the factory is fifieen sets of cards, 
85 broad looms, 3 narrow pattern looms, together with 
all the spinning, preparatory and finishing machinery 
and appliances necessary to supply and care for the 
product. Fancy cassimeres and worsteds are manu- 
factured, and the production is from 8,000 to 9.000 vards 
per week. The mill is supplied with the most modern 
machinery, with an excellent system of automatic fire 
extinguisbers and force pumps, and the motive power 
is furnished both by steam and water, but chiefly the 
former. The product is sold through the couunission 
hoase of Jacob Wendell & Co., New York, who have 
handled the goods of this firm for nearly fifty years. 

On or near the site of this mill, Daniel Sayies, the 
grandfatherof Albert L. Sayles, in the year 1814 put up 
a building for fulling and dressing woolen cloth, and 
utilized the water power to turn his machinery. The 
farmers in the vicinity brought to him the homespun 
cloth their wives and daughters had woven on the 
family handlooms, and here with his superior appli- 
ances he dyed, fulled and finished the cloth so much 
better than they could do it in their own homes that 
he soon established a good business. A wool carding 


, machine was soon after put in, and it was probably 


the second cylinder card in operation in Burrillville, 
the first, according to tradition, having been set to 
work in Rufus and Zadoe Smith’s mill at Tarki!n. The 
farmers then began to bring in their wool a few pounds 
at a time, to have it carded by this machine, which 
produced a fiberso much more even and strong than 
what they could make with their old hand cards that 
the old methods were soon very generally discarded. 
The spinning of cotton yarn had been started some 
years before on the site of the present Lincoln Mill, so 
that the —- in the vicinity had much better oppor- 
tunities for proeuring both warp and weft for their 
looms. and all these circumstances helped, doubtless, 
to increase Daniel Sayles’ business. 

Gradually, first through the introduction of the 
earding machine, Daniel Sayles developed bis fulling 
and finishing mill into a woolen factory. In 1819 Har- 
din Sayles, son of Daniel, became the owner of the 
mill. Probably either at that time or soon after power 
looms, which bad only come into use a year or two 
previous, were introduced. Hardin Sayles enlarged 
the mill soon after acquiring possession. In 1834 he 
began the manufacture of satinets, with one set of 
eards and a few looms, in partnership with his brother, 
Pitts Sayles, and his brother-in-law, John Chace. 
During the financial crisis of 1887 the mill was shut 
down. Jacob and Josiah Seagraves were admitted as 
partners in 1838, and the concern became known as the 
Union Woolen Company. It was in this mill in 1832 
that Daniel 8. Whipple began to learn the business. 
Here, too, in 1841, when 15 years of age, Albert L. 
Sayles obtained his first lessons in manufacturing. 


LINSEED OIL.* 

LINSEED oil, one of the most important of the mate- 
rials entering into the manufacture of floor oilcloth 
and linoleum, is the product resulting from the crush- 
ing and expressing of what is Known commercially as 
linseed, or the seed of common flax. These seeds are 
of a lustrous brown color externally, and a compressed 
and elongated oval form, with a slight beak, or pro- 
jection, at one extremity. Linseed grown in tropical 
eountries is much larger and more plump, yielding 
|} more oil than that obtained in temperate climes, but 
| the seed from the colder countries, on the other hand. 
; yields a finer quality of oil. Linseed is cultivated and 
secured as a crop in all Eropean flax-growing countries, 
where the seed is probably not less valuable than the 


* Abstract from a recent speech in the United States Senate by Hon. 
Quay. 


which was then or might thereafter be used in the | Island was at Peace Dale, by Joseph Congdon and | Matthew s. 
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fiber. It is also obtained from Egypt and India, be- 
ing cultivated in the latter country solely on account 
of the seed. It is largely cultivated in the far Western 
States, the annual crop amounting toabout twelve mil 
lion bashels. Linseed is subject to extensive and detri- 
mental adulterations, resulting not only from careless 
harvesting and cleaning, whereby seeds of the flax 
fodder and other weeds aud grasses are mixed with it, 
but also from the direct admixture of cheaper and in- 
ferior oil seeds, surh as wild rape, mustard, sesame, 
poppy, etc. In Great Britain in 1864, owing to the 
serious aspect of the prevalent adulteration, a anion of 
traders was formed under the name of the Linseed As- 
sociation, the members of which bind themselves to 
give compensation for all adulteration in excess of 4 
per cent. of foreign watter. In the United States lin- 
seed is sold as absolutely free from all foreign matter. 

Linseed oil, the most valuable and characteristic of 
the seeds of drying oils, is obtained by expression from | 
the seeds, with or without the aid of heat. Prelimi-| 
nary to the operation of pressing, the seeds are crushed | 
between a pair of revolving rollers and ground toa fine | 
meal under heavy edge stones on a stone bed. For the | 
extractidn of the fine quality of oil known as cold) 
drawn the meal is without further preparation filled | 
into woolen or canvas bags, and inclosed in horse-hair 
envelopes for pressure. The oil so obtained is a clear 
vellow, and is comparatively devoid of odor and taste. 
The cake left by solid pressure is again ground up, 
heated to about 212 F., and while hot submitted to 
farther pressure, which results in the exudation of a 
less pure oil of a brownish yellow color. In general 
practice, cold-drawn oil is littl prepared ; the linseed 
after grinding is submitted to a high heat whereby the 
mucilage in the epidermis is destroved, and the oil tlows 
more freely, and in all modern establishments the oil is 
obtained by asingle operation of the press ; with the 
improvements in modern hydraulic presses the average 
yield of oil is about 3 per cent. of the weight of the 
seed. 

Commercial linseed oil has a peculiar, rather dis- 
agreeable, sharp taste and smell. Its specific gravity 
is given as varying from 0°928 to 0°953, and it does not) 
solidify under the influence of a very low temperature. | 
The oil may be perfectly bleached by treatment with | 
oxide of lead ; about nine-tenths of the resulting lead 
salt is found to be linoleate of lead. It may also| 
be perfectly bleached by treatment with a solution 
of green sulphate of iron, with repeated shaking 
and exposure to the light for a period of four to six 
weeks. Exposed to the air in thin films, linseed oil ab- 
sorbs oxygen and forms a resinous, semi-elastic caout- 
chouc-like mass. The oil, when boiled with proper 
proportions of litharge and minium, undergoes the 
process of resinification in the air with greatly increased 
rapidity. 

To these physical properties the varied industrial 
applications of linseed oil are principally due. Its 
most important use is certainly found in the pre- 
paration of oil paints and varnishes. By painters 
both raw and boiled oil are used, the latter not only 
forming the principal medium in oil painting, but also 
serving separately as the basis of all oil varnishes. 

Boiled oil is prepared in a variety of ways. That 
most common by heating the raw oil in an iron or cop- 
per boiler, which, to allow for frothing, must only be 
about three-fourths filled. The boiler is heated by a 
furnace ; the oil is gradually brought to the point of 
ebullition, at which it is maintained for two hours, 
during which time moisture is driven off, and the scum 
and froth which accumulate on the surface are ladled 
out. Then by slow degrees a proportion of * driers” 
is added, usually equal weights of litharge and minium 
being used to the extent of 3 percent. of the charge of 
oil, and with these a small proportion of umber is gen- 
erally thrown in. After the addition of the drier the 
boiling is continued two or three hours, the fire is then 
suddenly withdrawn and the oil is left covered up in 
the boiler for ten hours or more. Besides the driers 
already mentioned, acetate of lead, borate of mangan- 
ese, binoxide of manganese, sulphate of zine and other 
bodies are used. 

Linseed oil is also the principal ingredient in printing 
and lithographic inks. he oil for ink making is pre- 
mared by heating it in an iron pot up toa point where 
it takes fire spontaneously or can be ignited by any 
flaming substance. After the oil has been allowed to 
burn for some time, according to the consistency re- 
quired, the pot is covered over, and the product, when 
cooled, forms a viscous, tenacious substance, which, in 
its most concentrated form, may be drawn into threads. 
By boiling this with dilute nitric acid, vapors of aro 
lein are given off and the substance generally becomes 
a solid, non-adhesive mass, the same as the ultimate 
oxidation product of both raw and boiled oil. 

Linseed oil is subject to various falsifieations, chiefly 
through the addition of cotton seed, niger seed and 
hemp seed oils. Resin oil and mineral oils also are not 
infrequently added. Except by smell, change of speci- 
fie gravity, and by deterioration or drying properties, 
these adulterations are difficult to detect. 

This article, together with the burlap, will constitute 
very nearly two-thirds of the cost of the entire raw) 
material entering into the construction of an average 
vard of oileloth. The oil is largely produced m the 
Western States. 


CRYSTALLIZATION IN MOTION. 


Ir is not long since that attention was first called 
to the possibilities of a process for graining sugar | 
which appeared to be paradoxical ; to crystallize a/ 
sugar solution by keeping the sirup in motion was in 
contradiction to all hitherto accepted theories, as crys- | 
tallization and repose were held as almost synonymous. | 
The results obtained by the process are so promising | 
that crystallization in motion has passed its experi-| 
mental stage and may be accepted as one of the) 
methods destined to supersede all others for graining | 
sugars. 

There are several machines constructed for this! 
special work, but we are not at present prepared to 
recommend any type in particular. In one case the 
mtsse cuite is cooled in pan by a cooling liquid cireu- 
lating in a double envelope of the apparatus. After 
graining 1s complete the product falls into a receptacle 
that distributes it to the centrifugais. In another, 
type of pan the masse cuite is rendered fluid by the 
addition of sirups from first grade sugars ; and this is 


drawn from the pan by a vacuum pump connecting 
with refrigerator. 

The pan itself contains not only pipes for heating, 
but a shaft that thoroughly stirs the sirup during 
graining. The size of pan to hokd the agitators, etc., 
must be larger than vacuum pans as now used. The 
early part of the operation is about same as usual, 
ending, however, with use of a Winch vacuo, keeping 
the mass at 158 F. In the meantime, sirups from first 
sugars are being heated to 158 F.; and for 100 gallons 
of masse cuite in pan there are added about twenty- 
five gallons of the sirup, followed by heating. The 
woduct is subsequently received in crystallizers, where 
it is thoroughly agitated during sixteen to eighteen 
hours, until the masse cuite has a temperature of 
about 113 FP. 

Certain care is necessary to work by the process 
under consideration ; if the desired fluidity is not 


Fie. 1.—REBOUX’S VACUUM PAN 


reached, it may be found advisable to run steam 
through the outer envelope of pan. If these precau- 
tions be not taken, there is danger of breaking the 
arms attached to the revolving shaft, owing to the re- 
sistance offered by the mass in pan. 

An important question to determine is, within what 
limits the entire sugar contained in a sirup may be ex- 
tracted in one operation, or whether the process must 
pass through several stages before the limit of extrac- 
tion is reached. From a chemical point of view there 
is an easy solution of the problem ; in practice, how- 
ever, these results are not realized. From experiences 
coming under our notice, after eighteen hours a_ pro- 
duct has been obtained having a purity coefficient of 
92, and which yielded sugar polarizing 91 to 92. The 
sirup thrown off in centrifugals may, in same manner, 
be regrained, and yield a sugar testing 89, from which 
may be separated a molasses of purity coefficient 56 
to 57. 

As regards crystallizing the sirups from second-grade 
sugars, where they have 70 purity coefficient, it may 
be said that in five days, by the crystallizing in motion, 
the same results are obtained as realized by ordinary 
methods after one month. Under these circumstances 
it is generally found desirable to add some pure sugar 
to the sirups being grained. This forms a nucleus for 
subsequent crystallization. 

In wost of the ordinary vacuum pans now used, the 
crystals, as soon as formed, fall to the bottom, where 


their effect upon the masse cuite being grained is not | 


Fie. 2—END VIEW. 


what it should be. The surface agitation is simply 
due to the escape of air bubbles from sirup in contact 
with the steam coils. The horizontal apparatus* 
shown herewith has in its center a revolving shaft 
with velocity of four to five revolutions per minute. 
This may be increased or decreased as occasion may 
demand. 

Suitably constructed joints at both ends wake the 
pan thoroughly air-tight. As may be noticed, upon 
the shaft are attached arms at regular intervals. he 
series of pipes through which steam circulates are four 
in pumber. These, as. shown in Fig. 2, form ares of 
circles stretching from one side of the pan to the other. 
In the apparatus under consideration the heating 
surface is 80 sq. m. per 100 hectoliters (033 sq. ft. 
per gallon), sufficient to grain at low pressure. This 


* Reboux, Brussels, Belgium. 
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heating surface contrasts with that of many existi 
vans having heating surfaces of % sq. m. per 1 
2ectoliters, and in which low pressure graining is im- 
possible. 

Live steam is introduced in the first series of pipes. 
This bas for effect a rapid concentration of the sirup, 
and a limited production of crystals. In the lower 
part of the apparatus the revolving shaft is not put in 

| motion until the steam circulates in the second series ; 
}exhaust steam is there used. 

Many important studies have been made to de- 
termine a wore efficient method of handling a vacuum 

|pan than is now adopted by the average sugar boiler. 

The fact is a more thorough analysis of sirups 
should be the basis to work upon. There is a relation 

| between percentage of water and purity coefficient. 
Just what this proportion is may be considered ve 
hypothetical. he question of a suitable alkalinity 


MOTION. 


| must not be overlooked. If carefully watched, any evil 
| effects from it may be corrected in time by the addi- 
tion of soda.—Sugar Beet. 


MANUFACTURE OF WHITE SUGAR 
DIRECT FROM CANE JUICE. 


By Mr. L. F. HAUBTMAN. 


THE manufacture of white sugar direct from cane 
| juice uires both the skill of the chemist and of the 
j|mechanic. The former with chemical agents treats the 
cane juice soas to coagulate the albumens and precipi- 
jtate the impurities in solution with the cane juice; 
| the latter must furnish the best mechanical device and 
apparatus for separating the cane juice from the im- 
purities, 

To make white sugar direct the cane juice has to go 
through several iniportant processes of transformation, 
which | would enumerate as follows: The separation 
of cane juice from the trash and small particles of ba- 
gasse; the sulphur and hydrated lime process ; the 
clarification ; the evaporation; the granulation; the 
separation of the solids from the liquids, and the wash- 
ing and drying of the crystallized sugar. With your 
permission I shall give my views in short, as to the 
best methods in use to obtain the best results in the 
transforming of raw cane juice coming from a mill or 
| diffusion apparatus directly into white sugar. 

The cane juice should first pass through an automa- 
tic strainer made with perforated brass, so as to sepa- 
rate it from the usual trash and small bagasse. After 
going through this strainer, the juice should fall into 
another strainer of similar make, but with perforated 
plates much finer, such as is used for centrifugals, so as 
to eliminate the smaller particles of fiber retained in 
the ean juice. This cane juice properly evaporated 
should go directly into the clarifiers, where a certain 
quantity of hydrated lime should be used in propor- 
tion to the capacity of the clarifier. By proper metal- 
lic pipes and connections to the clarifier with the sul- 
phur machine, the sulphur fumes are then either 
pumped or forced by an air jet into this cane juice, 
until the real chemical points of the cane juice are 
obtained. 

In so doing I have reversed an old method of sulphur- 
ing the cane juice first before liming, and I advocate 
to lime first and use the sulphur afterward, thereby 
being able to get the cane juice to the exact point of 
neutrality desired and get a perfect clarification. 

The clarification is done as usual by heating the 
cane juice iv open air, taking off all the skim from the 
surface. 

After allowing a certain time for the impurities in 
supension to settle to the bottom of the clarifier, the 
clarification, as a rule, is called completed. It remains 
then to draw off this clarified juice without entraining 
the same impurities we have tried to dispense with by 
letting them go to the bottom. This is practically im- 
possible, and there is where the bad work starts, in 
this stage of manufacturing, and in most cases it is the 
direct cause preventing us from making white sugar 
'directly from cane juice. By drawing off the clear 
| juice the impurities are entrained with it. 
| To avoid this, and get good pure clarified cane juice, 
| we wust make use in the proper place of mechanical 
filtration. 

Several different makes of mechanical filters for this 
purpose are now in the market, and some of them can 
be guaranteed to filter without a change up to 100,000 
gallons of clarified cane juice per day. I think this 
filtration essential in the manufacture of white sugar. 
All pipes through which the hot liquors are circulating 
must be of copper. The evaporation of saccharine 
liquids to make white sugar should be effected under 
as low a temperature as possible. While the multiple 

| effect is generally used at present as the best one, I 
think that in the near future this cane juice evapora- 
tion into sirup will be done by absorption at a low 
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temperature and in open air, giving less chanees of 
overheating and closing the proluct w hile evaporated, 
while it will do away with the costly apparatus of 
vacuum and water pumps and an enormous water sup 
ply not always available 

All sirups made from cane juice ata low temperature 
into sirup should be put into an open pan and heated 
toa certain dewree of heat, fo raise the Te 
the surface and be able to eliminate them before granu 
lating lo make white sugars granulation must take 
place under vacuum and at as low a temperature as 
possible, To wet proper results the masse cuite should 
be cooked as stiff as ile The discharge valve in 
the vacuum pan should be large in proportion. Only 
first suwar or white sagars should be mack This can 
be done by drving the inferior or second sugars and 
remelting them in sirup, which sirup is mixed with 
the original sirup or fiest sugar 

Once the sirup t made into masse cute, after it 
comes from the vacuum pan, then we use the centrifu 
gal process to eliminate the sugar erystals from this 
masse cuite To make white sowar we have first to 
separate the ervstallized sugar frou the masse cute, 
then wash the remaining ervstals with either sirup. a 
liquid bleaching agent, or pure water 

There, as a rule, the manufacturer of to-day wastes 
away the biggest portion of bis first sugars, and trans 
forms them necessarily into an inferior article, which 
constitutes his second sugars and runs their percentage 
very high. compared to his fest sugars 

The eentrifugals should te seo irranged as to enable 
the operator to separate the liquors resulting first from 
the masse cuite proper and secomd from the washing 
of the ervstals by a liquid bleaching agent, such as 
Water, etc., as the latts is only melted sugar and 
should be used over directly with the first sirups and 
made inte first suwars 

While we ean make comparatively white sugars di 
rectly from the ordinary centrifaugalsa, we cannot get 
the purity, 00% per cent., such as we obtain by means 
ofa granulatorto finish drving the sugar. The granu 
lated svstem is an expensive one, and to avoid it seve 
ral methods are now used to make wranulated sugars 
directly in the centrifugal Messrs & Shulz 
among their Processes tse a closed centrifugal to make 
granulated sugar. Others use superheated air in con 
junction with the centrifugals te bring the sugar to 
the proper standard of purity as granulated, and use 
eold air to coo! it before the sugar is discharved, and 
when discharged it is ready to be packed for shipment. 
—La, Plantes 


ARTIFICIAL ILLUMINATION 
By Wu. Path GERHARD, CLE 


Numerous and varied are the methods emploved at 
the present day for obtaining artificial lamination 
Leaving out of cousideration the electric light, which 
occupies & position by itself, we teav, broadly speak 
ing, distinguish between solid, liquid and gaseous ila 
minants, of whieh the candle, the oil lamp and the gas 
flame are representative forms 

Its would be interesting and instructive to trace the 
history of the different kinds of artificial light em- 
ployed both in domestic and in street lighting at various 
periods of history, and to follow the successive improve 
ments in lighting intraduced by men of talent and in 
ventive genius. It seems indeed a gigantic step for- 
ward from the crude methods of lighting emploved by 
the ancients to the gas light and the eleetric light of 
the nineteenth century But the glow of the camp 
tire, the light from blazing lows, or from torches en a 
of splinters of resinous wood, as exclusively emploved 
by our forefathers, may even nowadays be found in 
use by the Indians and other uncivilize! tribes. It 
may, therefore, be said that the means for artificial 
illumination employed at the present time are an indi 
eation of the more or less advanced state of civilization 
of a nation. 

The burning log and the blazing resinous pine torch 
are the oldest and crudest methods of lighting. Oil 
was burnt by the Phenicians, the Gireeks and the Ro 
mans in primitive forms of open vase lamps, in which 
a cotton or flax wick dipped 

The Romans used the first eandles in the form of 
rushes covered with wax or tallow, or of rope saturat 
ed with pitch or resin. These candles were ghadually 
improved and formed, during the middle ages,’ the 
principal means of chureh illaumipation, and were like 
wise used in castles at court festivals Later on, the 
smoky and ill-smelling tallow candle was replaced by 
the better forms of drawn or cast candles, made from 
sperm. paraffine, wax and stearine, The modern im 
proved candle differs from. the candles employed in 
the last century principally in the method of manufac- 
turing the wick, which, as the candle grows shorter in 
burning, is consumed and reduced to ashes, thus ren 
dering the use of the “snuffers ” of our grandfathers, 
which many of us still may remember, unnecessary 

The rude forms of lamps emploved by the Romans 
and Etruscans have been gradually displaced by lamps 
of improved construction, with closed oil reservoirs, 
improved wicks and variousiv shaped burners. Ar- 
gand invented and developed the round form of burner 
and wick, the oil ascending from the reservoir into the 
wick and to the tip of the burner by capillary attrae- 
tion. Careel made further improvements by placing 
the oil reservoir at the bottom of the lamp, where it 
would not throw a disagre able shadow. In this form 
of lamp the oil has to be forced up to the wick by 
means of a pump, or in the later “ moderator ” lamp, 
bya spring acting upon a leather plunger. The liquid 
iuminant employed in these lamps was either colza 
oil, olive oil, or some other veetable oil. 

Still later, and belonging to the present century, 
came the use of kerosene or winetal oil in lamps, this 
iNuminant being a liquid improved by distillation and 
refining, which operations remove the more volatile, 
highly inflammable and, therefore, dangerous ingredi 
ents of the oil 

Equally as varied as the means emploved for domes- 
tic ilumination have been those in use at different 
periods of history for the lighting of streets, highways 
and public squares. In the larger cities the darkness 
of the evening hours was at first dispelled in a measure 
by the use of torch lights, or of candles burned in glass 
lanterns, which were either carried by haad or hung 
out from windows. Later on the candle lanterns were 


replaced by 
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these in tarn were superseded by the introduction, at 
the beginning of this century, of coal gas burned in 
«treet lanterns, while to the gas light now so universal- 
lv emploved, both for domestic and street lighting, a 
formidable rival bas during the past ten vears arisen 
in the eleetrie are light and the incandescent electric 
glow lamp 

Woncerful as have been the many and rapid im 
provements made in this last form of iNumination, viz , 
the electric light, it must be admitted that the progress 
of gas lighting has beeo no less astounding. The pre- 
sent generation, who have witnessed the advent of the 
electric light, have beeome so accustomed to the use of 
the ever-ready, gas flame that few are probably aware 
of the difficulties whieh beset the path of the talented 
men of science who created and introduced lighting by 
vas It is a matterof historical record that when Mur- 
dock. one of the pioneers of gas lighting, appeared in 
Is) before the House of Commons committee, he was 
usked by one of the members of the committee, ** Do 
you mean to tellus that it will be possible to have a 
light without a wick? and upon his replying, © Yes ; I 
do indeed.” the same person replied. “ Ah, my friend 
you are trving to prove too much.” We are also in 
formed that Samuel Clegy. an engineer to whom the 
world is indebted for many important improvements 
in gas manufacture and yas distribution, Was sarcasti 
eally asked by Sir Humphry Davy, who cousidered 
the idea of publie gas lighting ridiculous, if Mr. Clegg 
intended to take the dome of St. Paul's for a gasome 
ter, The great Napoleon laughingly remarked of gas 
lighting, “(C"est une grande folie.” and Sir Walter 
Seott considered it a visionary scheme and expressed 
fears that “ London would be on fire by it from Hack- 
nev Gate to Tyburn” [east and west extremities, then, 
of London, Indeed, when the House of Commons 
was first lighted by cas, the astonished citizens of Lon- 
don were in such fear of burning their fingers when 
touching the was pipes for the conveyance of gas that 
they first carefally put on their gloves. When West- 
minster Bridge was first fitted up for illamination by 
vas lamps, the lamp lighters refused to light the lamps. 
Tn 1815, the London fire insurance companies refused 
to insure buildings lighted with gas. To overcome 
their prejudices, Samuel Clegg invited the underwri- 
ters to inspect the gas works, and after explaining to 
them the proeess of gas manufacture, and the method 
of storing the gas at the gasometer, he quickly took a 

yek, and cutting a hole in the dome of the gas holder, 
ighted the escaping gas without danger or explosion, 
and thus demonstrated to their satisfaction the com- 
parative safety of the new light. 

Many are the advantages of gas for household par- 
poses, and its disadvantages are comparatively few, 
and for this reason it is probably more used in houses 
at the present day than any other form of artificial 
iHlumination 

(ias light is relatively cheap, although Kerosene oil, 
per se, is probably cheaper, but, in comparing gasand 
oil, one should not forget the additional cost caused 
by wear and tear and breakage of oil cans, glass chim- 
neys and shades of oil lamps. Gas light is convenient, 
and saves domestic labor by being always ready for 
lighting, whereas lamps require preparation in filling 
and trimming the wicks, while time and labor are con 
sumed in procuring candles or oil. Gas light is supe- 
rior in point of cleanliness to oil lamps and candles, 
becanse there is no spilling of oil, no dropping of can- 
die grease, no greasy or oily hands from the cleaning 
of lamps ; there is no smoking of candles, no offensive 
odor such as attaches to oils and fats. 

Gas light is brilliant, yet easily controlled, readily 
increased or diminished, and not difficult to manage 
by persons of ordinary intelligence. Gas light is com- 
paratively wuch safer than candles or lamps in which 
colza oilor kerosene is burned. The carrying about of 
candles or lamps, with the unavoidable danger from 
tire or from lamp explosions, is rendered unnecessary, 
as only a match is required to light the gas at the 
burner. Cias light, finally, creates in proportion to the 
licht developed less disagreeable heat and is less un- 
healthful than candles or oil lamps, where proper 
ventilation of rooms is provided. The increased illu- 
tnination by gas light in our streets, squares and parks 
as compared with the former semi-darkness has been 
a great protection to property and life, and the parks 
and alleys of our cities are not so much as formerly the 
haunts of the vicious and the criminal. 

Incidentally | would eallattention to the many other 
uses to which coal or illuminating gas has in reeent 
vears been put. Gias is used in heating rooms, heating 
sadirons, heating water; gas is emploved ‘for roasting, 
baking, steaming frying, boiling and broiling; gas is 
adopted as fuel to drive small domestic motors, gas 
engines of various kinds, gas and calorie pumping 
engines, also for heating soldering irons, and for vari- 
ous other industrial purposes, and, finally, it is exten- 
sively em >loyed for artificial ventilation by means of 
gas jets Curning in exhaust flues, or by the use of sun 
burners 

Recently, with the arrival of the incandescent electric 
glow lamp, much has been said about the injurious in- 
fluence of gas lights upon health, of the vitiation of the 
atimnosphere of rooms, and of the destructive effects of 
was, when imperfee*ly consumed, upon the furniture 
and decorations of a room, to say nothing of the smok- 
ing of ceilings and walls. But notwithstanding the 
rapid development of domestic electric lighting, and 
notwithstanding also the recent return in dwellings 
to the use of oil lamps, which, on account of their 
softer and steadier light, are by many preferred for 
reading and sewing, and to the use of extensive and 
costly paraffine and wax candles in luxurious gilt or 
silver candelabra and sconces. a use dictated by the 
ruling fashion on aceount of the beautiful soft and 
mellow illumination obtained, the use of gas in dwell- 
ing houses, offices and stores is undoubtedly so conve- 
nient and comparatively safe that for many years to 
come it will constitute the chief means of artificial illu- 
mination. 

To quote from R. Patterson's article on “Gas 
Burners and the Principles of Gas Ulamination” in 
King’s * Treatise on Gas: ** Any one who learns from 
experience of human customs and affairs will feel as 
sured that gas light, although perhaps with shorn 
honors, has still a long career of usefulness before it, 
and that the admirable improvements in its appliances 
made within the last twelve or fourteen vears will not 


oil lamps, with wick and reflector, and|be robbed of their usefulness by a shunting aside of! them in a vat, 


Aveust 11, 1894 


my and additional brilliance, and which still, as of 
yore, is of such vast and ever ready service to man- 
kind 

“(as lighting has undoubtedly been the most beau- 
tiful and well nigh the most useful triumph which bu- 
man invention bas yet achieved in the present century. 
For marvelousness it cannot vie with the electric 
telegraph: for utilitarian value it cannot rank with the 
steam locomotive and railways. Nevertheless, but for 
its commonness, even poetic genius would find a con- 
genial theme in the process which evokes the * spirit of 
coal,’ and converting it into a spirit of light, conveys 
it as an invisible fluid under our streets—rising from 
below, wherever required, in pillared jets, to displace 
the darkness of the night hours, and flood our roads 
and streets with a warm and comely radiance. No 
spirit of the mine, even in fairy tale, has so blessed 
mankind. Passing from our streets, it enters our dwell- 
ings, both rich and poor, as an ever welcome and val- 
ued visitor, giving to the word ‘home’ a pew attrac- 
tion, brightening the dwelling, and enabling us to 
pursue our work, and to taste the enjoyments of com 
mon life, asif we could command the sweet daylight to 
attend us at our pleasure. Thanks to gas light. there 
is no night in our dwellings save such as we choose for 
our own comfort. It has illumined the former dark- 
ness of our halls and crooked staircases. From the 
gaselier in the dining room it has made sparkling the 
glass and silver on the festive board, and lit up the 
kind and jovial faces of the company, waking ban- 
quet or homely board lightsome and merry; while in 
drawing room or * assembly’ it has flooded the room or 
hall with a radiance but for which the dance would 
lose much of its gayety, and beauty with its bright 
costumes would be shorn of its brilliance. In the bed- 
room, too, still more where there is helpless infancy or 
sickness— where child has to be watched, or some sore- 
pained and weary-hearted invalid has to be tended, 
longing at times for light to break the dull, drear 
monotony of night's darkness—there, too, has the 
‘spirit of coal’ been a priceles sboon; existing, when 
not wanted, as a mere speck of light within the mel- 
lowed globe through which it shows softly as a spot 
of luminous haze; yet ever ready, on the mere turning 
of a tap, to spring instantaneously into full illumina- 
tion.”—American Architect. 


FRUIT JUICES AND SIRUPS. 
A TYPICAL formula for preparing a concentrated fruit 
sirup may be found in the United States Pharmaco- 
peia, pamely, sirup of raspberry : 


“Syrupus Rusts 
Sirup of Raspberry. 


* Fresh, ripe raspberries, any convenient quantity. 
Sugara sufficient quantity. 

“Reduce the raspberries to a pulp, and let this 
stand at a temperature of about 20° C. (68° F.), until 
asmall portion of the filtered juice mixes clear with 
half its volume of aleohol. Then separate the juice 
by pressing, set it aside in a cool place, until the 
liquid portion has beeome clear, and filter. To every 
forty (40) parts by weight of the filtrate (which 
should not be allowed to remain, unprotected by 
sugar, more than about two hours) add sixty (60) 
parts of sugar, heat the wixture to boiling. avoiding 
the use of tinned vessels, and strain. Keep the pro- 
duct in well stoppered bottles, in a cool and dark 
place.” 

This is the process of the German Pharmacopeia, 
except that the latter directs 65 parts of sugar for 
every 35 parts of filtered juice. The temperature 
during fermentation prescribed by the U.S. P. should 
be maintained as nearly as possible. The Freneh 
Codex directs fermentation to proceed at between 12 
and 15 C. 64 —59 F.) Other fruit sirups may be 
prepared according to the same method. It may be 
explained that the fermentation is for the purpose of 
precipitating the pectin present, which otherwise 
Dteeivens with filtration. The addition of alcohol is 
for the purpose of hastening this process, and also to 
aid slightly in the temporary preservation of the juice, 
to avoid acetic fermentation and fungoid growths. 
is also believed that by this process of fermentation 
the aroma is more fully developed, especially in straw- 
berry juice. Fermentation should proceed for about 
twenty-four to thirty-six hours. 

It is important for the keeping quality of fruit 
juices that they be perfeetly clear and bright, while 
in the ease of the sirups, when boiled, all scum form- 
ing must be carefully removed by straining, having 
avoided all stirring while the liquid comes to a_ boil. 
Sometimes fermented fruit juices remain tarbid and 
difficult to filter ; to these a small quantity of skim- 
med milk may be added, which will be coagulated 
by the acids present, and thus act as a clarifier. 
Paper pulp will sometimes prove desirable for clari- 
fying. Only the very best grade of sugar should be 
employed. The containers should be perfectly sterile 
a dry, the latter condition being insured by rinsing 
with alcohol. 

When boiling hot sirup is poured into the bottles, 
the latter should stand on several thicknesses of cloth 
wet with cold water, to prevent cracking. Cork im- 
mediately, tie over, dip into sealing wax, and lay flat, 
and allow to cool off in that position; in fact, they 
should remain thus until opened, to insure preserva- 
tion. 

The different formulas printed below have been 
eollected from various sourees. The “ Appert ” pro- 
cess there mentioned is nothing but what is now 
called sterilizing. The bottles are filled, allowing 
enough space for expansion of the contents when hot, 
the corks are inserted and securely fastened with 
twine. They are then placed into a vessel with cold 
water reaching up to their necks, standing on a false 
bottom ora laver of straw. The temperature of the 
water bath is gradually raised, and finally the boiling 
point maintained for 10 to 15 minutes. Removing from 
the bath, the tops are sealed over and the bottles 
allowed to cool ina reclining position. Some prefer 


to insert the corks only after sterilization is complete. 
This involves less danger as to explosions, but is rather 
less reliable. 

Sirup of Raspberry.—Contuse the berries, place 
d 2 per cent. of sugar, and ferment 
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the mass at a temperature of between 70° and 80 
for three or four days until all pectin has separated | 
and no more signs of fermentation are visible. Then 
express the juice, which allow to settle in a cool place 
for two days, decant carefally from the pulverulent 
pectin, and filter. Preserve the juice by Appert’s 
process, or convert into sirup by dissolving in 5 parts 
of the clarified juice 9 parts sugar, and heating to the’ 
boiling point. 

2. A better and safer way is to add at once to the 
freshly bruised fruit 5 to 6 per cent. of alcohol, and 
then proceed as in the foregoing. This formula would 
seem to deserve preference. 

& Crush the raspberries in a glass vessel with a 
wooden pestle to a pulp, add to it 5 to 10 per cent. of 
cane or grape sugar, and allow the whole to stand, 
stirring oceasionally. When the mass ferments the 
juice becomes clear, when it may be filtered and 
bottled, or converted into sirup. 

4. Put six pounds of raspberries into a china bowl, 
with a quart of water, in which has been dissolved 24g 
ounces of citric acid, and let it remain twenty-four 
hours; then strain, taking care not to bruise the fruit. 
To each pint of clear liquid add pound of sugar 
and stir until it is dissolved, 
5. Proceed asin No L When the fermentation is 
nearly ended express the juice, add to every pound of 
the latter Ll ounce of the deodorized alcohol, set aside 
for one night and then filter. Bottle the juice or con- 
vert into sirap. 

6. Macerate the berries interspersed with sugar, 14, 
pound of sugar to 1 pound of berries, for twenty-four 
hours in a cool cellar, and then drain off the juice. 
Preserve the sirup by means of Appert’s process. 

7. Add to the foregoing product some alcohol, or a 
little bisulphite of lime. The flavor is not supposed 
to be impaired by the latter. 

8 Pure fruit juice, 16 fluid ounces; dilute acetic 
acid, 1 fluid ounce ; water, 7 fluid ounces ; granulated 
sugar, 3 pounds. Dissolve the sugar without heat. 
Preserve in air tight vessels in a cooi place. The acetic 
acid is objectionable. 

Sirup of Mulberry.—Mulberry juice, 1 pint imp. ; 
sugar, 2 pounds; strong aleohol, 244 fluid ounces. 
Heat the juice to the boiling point, and when it has 
cooled filter it. Dissolve the sugar in the filtered liquid 
with a gentle heat, and add the spirit. 

Sirup of Strawberry.—Put 2 parts of strawberries 
deprived of the calyx, without crushing them, into a 
large mouthed jar; add to them 2's parts of sugar, 
and frequently shake, Keeping the vessel in a cool 
place. he sugar absorbs the juice, leaving the fruit 
shriveled and tasteless, the latter being removed by 
means of a strainer without pressure. Mix the clear 
sirup with 20 per cent. of aleohol. 

Sirup of Cherry.—Employ the black, sour variety. 
Crush the cherries, together with the stones, and fol- 
low the directions given in No. 2. 

Fruit Sirup for Lemonade. — Raspberries, 1,000 
grammes ; blackberries, 500; bilberries, 500; lemons, 
3 fruits. Mash in a stone mortar, and add of cold 
water, 1,500. Let stand for three days, or until fer- 
mentation has finished. Express and filter. In every 
2.500 dissolve citric acid, 40; and sugar, 4,500. Boil 
up onee in a copper kettle.— Western Druggist. 


ROADWAYS AND STREET PAVEMENTS. 
By WILLIAM L. DICKINSON. 


THE construction and maintenance of our roadways 
are hefore the American people to-day as never before 
in the history of this country. Our people begin to 
realize thegimportance of excellent roads and their value 
to all our industries. The saving made on the wear 
and tearof our horses and vehicles, also that made 
by business men in the difference in time it takes to 
ride over a good and a poor road, and the pleasure 
to be derived from riding over a good road, are all 
points which show the need of having first class | 
roads. 

The increased value of property generally amounts 
to more than the cost of building a good substantial 
road, and then, too, they are a standing advertise 
ment for the community in which they are built, mak- 
ing the city or town a desirable one in which to re- 
side, helping thus to increase the population and tax- 
able property. A stranger's impression of a city or 
town depends largely upon the ease with which he 
can go from place to place in the transaction of business 
or in the pursuit of pleasure. The cost of wagon 
transportation over the roads of France does not ex- 
ceed one-third the like expense in America, it being 
common in rural districts to haul three tons, and in 
the cities from three to five tons net freight with one 
horse. These and many more facts the people are 
weighing, and the more they investigate, the better it 
is for the whole country. This movement has already 
reached such dimensions that it is being agitated all 
over the United States, and the people are not goinz 
to allow it to stop. 

Byrne says countries inhabited by the least civilized 
people, whose wants are supplied by nature in the im- 
mediate vicinity of their dwellings. are almost destitute 
of roads; hence it has come to be said that roads are the 
physical symbol by which to measure the progress of 
any age or people. If the community is stagnant, the 
condition of the roads will indieate the fact; if they 
have no roads, they are savages. There are many 
methods used in the construction of broken stone 
roads, and a variety of materials used for street paving, | 
of which I will treat briefly for want of time. 

As near as can be ascertained, the first broken stone 
pavements were constructed in France in 1764. In the 
early part of the present century two systems were 
introduced into England, the first by Telford and the 
second by MacAdam. The name of Telford is associated 
with rough stone foundation. MacAdam disregarded 
this foundation, contending that the subsoil, however 
bad, would carry any weight, if made dry by drain- | 
age, and kept dry by an impervious covering. The 
names of both ever since have been associated with 
the class of roads which each favored, as well as with 
roads on which all their precepts have been disre- 
garded. MacAdam omitted the foundation of large | 
stones, claiming that it was not only useless but inju- | 
rious. He was the pioneer of good roads in England, 
= his name,the word macadamized is de- 
rv 


| which is a commercial city. 


duction of rollers and 
modern road builder endeavors to adapt himself to 
circumstances; he must secure a good foundation, 
either with the natural foundation or with the use of 
gravel, sand, or Telford base, for without this the 
most éxpensively built road will fail. It will not stay 
in position any mere than a building wil! without a 
good foundation. Good drainage must be secured ; 
the stone should be properly screened, the largest to 
pass atwo and one-half inch ring, the second size a 
one and three-quarters inch, the third a one and one- 
quarter inch, and the fourth a one-half inch ring 
The foundation should be brought to a_ proper grade 
and crown, and thoroughly rolled. The depth of 
stone should be varied according to the foundation and 
the trafficexpected. If a good foundation, four inches 
is enough, if a poor foundation, twelve inches might be 
needed. The crushed stone should be spread in light, 
uniform layers, well rolled, commencing at the bottom 
with the largest stone. and using the smallest size for 
the finish. Nothing but the best quality of stone 
should be used ; for this purpose trap rock is the most 


| desirable, and will wear more uniformly, thus keeping 


a smoother surface than an inferior stone. We cannot 
afford to use an inferior quality of stone ; it is economy 
to use the best. 

Macadamized streets are the cheapest to build and 
give good satisfaction when placed under the right 
conditions, namely, when the traffic is not too heavy 
and not confined to a narrow space. For instance, 
one street is alwavs in good condition, as it has an 
average traffic which is distributed over the entire 
surface, while all the macadamized streets in the 
business portion of the city, where the traffle is too 
heavy, are often in bad condition and should be 
paved. This class of roads cost from 5) cents to $1 
square yard, varying according to the cost of stone, 
ength of haul, depth of stone and cost of foundation. 
The cost of maintenance with a moderate traffic, of a 
thirty foot roadway, is 0013 per square yard. With 
a heavy traffic, where macadam cannot be used with 
economy, it costs from 0083 to 025 per square yard. 
The date of the first introduction of street pavements 
eannot be determined with certainty. Livy informs us 
thatin the year 584 (about 170 B. C.) the censors 
caused the streets of Rome to be paved from the Ox 
market tothe temple of Venus. Streets paved with 
lava, having deep rats worn by the chariots and raised 
banks on each side for foot passengers, are found at 
Pompeii. The first act for paving and improving the 
city of London was passed in 1582. Orders were issued 
by the government for pavements in Parisin the year 
1184. In the United States Boston appears to have 
been the first city to pave its streets. Drake says the 
paving of the public streets began very early and was 
made important about 1700. 


STONE PAVEMENTS. 


Stone in a variety of forms has been used for paren 
material for 2.500 years or more. It was used by the 
Romans in the form -f large irregularly shaped 


blocks ; these blocks being laid on a massive concrete 
| foundation. For solidity and durability this form is 
unequaled. Boston, Mass., it is recorded, had _ its 


streets paved with pebbles as early as 1663, and cob- 


ible stone pavements were introduced into Philadel- 
| phia in the year 1718. 
very cheap 
amount of power and energy to be expended in order | 


Cobble stones bedded in sand 
but their roughness requires a large 


to nove a load over them; besides they do not make 
a good pavement, as they are so irregularly shaped 
that it is almost impossible to hold them in place. 
They are difficult to keep clean and very unpleasant 
to ride over. In Brussels this form of pavement was 
displaced by smail cubical blocks of stone, and these 
were used in Paris and finally came to the United 
States. 
GRANITE BLOCKS. 


Granite blocks were of large dimensions. The pres- 
ent granite block is of a narrow, reetangular shape, 
proportioned and laid on a hydraulic cement base, 
the joints filled with small gravel stones and paving 
cement. This method is practically a return to the 
Roman system, ouly with blocks of smaller dimen- 
sions. Without a doubt this form of pavement is 
the most durable for roadways which are subjected to 
a very heavy traffic. 
used, for instance, those that polish, the surfave be- 
comes slippery quickly and is rendered unsafe for 
travel. In some cities Medina stone is used. It is not 
so lasting as granite, but is quite durable, less noisy 
and does not become slippery. Buffalo. N. Y., Cleve- 
land and Columbus, 0. afford the best examples of 
this class of pavement. Limestone block pave- 
ments were tried in Kansas City, but in a year or two 
they wore unevenly and split by the action of frost. 


Granite block pavements cost from $2.50 on sand | 


foundation, with joints filled with sand, to $4.80 with 
conerete base and jvints filled with paving cement 
No satisfactory figures can be obtained for the cost of 
maintaining granite block pavements in America. 


BRICK. 

Brick is one of the oldest materials used for paving, 
having been used upward of a hundred years in the 
Netherlands. Pavements laid fifty years ago are still 
in good condition. ‘There are several brick pavements 
in the United States from twelve to twenty-two 
years old, which are still in zood condition. The gen- 


/eral experience with this class of pavements is that it 
furnishes a smooth and durable surface, well adapted 


to moderate traffic. Many failures have occurred with 
this class of pavements, owing to poor foundation, 
defective construction and poor material. Whenever 
yroper materials have been used, good foundation, 
laid with proper construction, excellent results have 
been obtained. Amsterdam is paved almost entirely 
with brick, and it is successfully used in Rotterdam, 
There are many ways of 
laying a brick pavement. A sand foundation with 
joints filled with sand costs $1.50 per square yard ; 
laid with two courses of brick, one flatwise, with a 
eushion of sand and a wearing surface set on edge, 
with joints filled with Portland cement — this cost 
$2.06 per square yard. If laid on conerete base, with 
| filled with paving pitch, it costs $2.73 per square 


If a poor quality of stone is| 


F.! Since the time of Telford and MacAdam the art of | Bricks made from blast furnace slag have been tried, 
road making has been greatly improved by the intro- | 
erushing machines. The 


and they have been found to be durable, but soon 
wear slippery. Ordinary building bricks saturated 
with tar have been experimented with in Nash- 
ville, Tenn., but the results were not satisfactory. 
The advantages of brick pavements are, ease of trac- 
tion and good foothold for horses ; yield but little dust 
and mud; are adapted to all grades, and are very 
easily repaired and kept clean; but slightly absorbent ; 
pleasing to the eye and quickly laid. The principal 
defects of brick pavements arise from lack of uniform- 
ity in quality of the bricks, and the liability of using 
bricks too soft, which crumble under the action of 
traffic and frost. 
ASPHALT, 


In Paris asphalt was first employed for street paving 
in 1838, though it was not used to any extent until 1854. 
London introduced it in the year 1869, and it has since 
then been used extensively throughout Europe and in 
different sections of this country during the past few 
years, The difference between the asphalt pavements 
of Europe and those of America is due to the 
character of the materials. The former are com- 
posed of limestone rock which is naturally impregnated 
with bitumen, while the latter are composed of an arti- 
ficial mixture of bitumen, limestone and sand. Many 
deposits of bituminous rock are to be found in the 
United States ; they have been used toa limited extent. 
The island of Trinidad continues to be the source of 
supply for the United States. The cost of construction 
varies from $2.50 to $4.50 per square yard. Cost of 
maintenance in America is placed at an average of 10 
cents per square yard per annum; in London for an 
average of 15 years at 21 cents per square yard. In 
Paris it costs about 40 cents per square yard per annum 
to maintain it, including the charge for renewing one- 
fifteenth part of the surface every vear. In this coun- 
try the cost of maintaining asphalt pavements is usually 
included in the original contract for construction fora 
stated term of years, and after that any repairs that 
are needed are wade by the asphalt companies at the 
expense of the city, as it calls for expert work and an 
expensive plant. 

he advantages of asphalt pavements are that they 
are comparatively noiseless under traffic, are pleasing 
to the eye and are easily cleaned. The defects of the 
same pavements are that they are slippery under cer- 
tain conditions of the atmosphere, they will not stand 
constant moisture, and will disintegrate if excessively 
sprinkled. It isnot adapted to grades steeper than 24y 
per cent. Colonel Haywood states that in his opinion 
asphalt will last without extensive repairs from four to 
six years, and that in the course of ten years the entire 
surface will have been renewed, 
woon. 

Wood pavements have been used extensively in 
Europe and the United States, though with different 
results in both countries. The experience in this 
country bas been with but few exceptions aneatisfac- 
tory, while in Europe, especially in London, wood 
pavements have been used successfully and are quite 
popular, due probably to the thorough manner in 
which they were laid and the careful maintenance. 
The shoeing of horses and the width of tires has some- 
thing to do with the wear of pavements no doubt. In 
some portions of Europe this matter is regulated by 
law, and should be in the United States. It is claimed 
that wood pavements absorb the filth of the street, and 
are very unhealthy. 


DISTILLATE PAVEMENTS. 


During the years 1886 and 1887 many coal tar or dis- 
tillate pavements were laid in Washington, D. C., but 
many of them proved unreliable. In some towns in 
England coal tar macadamized roadways are made. 

| This consists in mixing ordinary coal tar with crushed 
stone ; it should be borne in mind that the stone used 
must be limestone or some soft stone, otherwise it will 
| not wear down evenly with the tar, thus producing a 
lumpy surface. Concrete macadam, introduced by 
Mr. Mitchell, London, Eng., is composed of broken 
| stone, sand and Portland cement, so proportioned 
that the space otherwise vacant is filled with an ad- 
mixture of Portland cement. Mr. Mitchell states that 
the first piece of concrete road was laid in Inverness, 
in the approach to the freight station, in 1870. After 
the road had been used fourand one-half years the 
wear was hardly perceptible. 
GRAVEL ROADS. 
| We have miles of gravel roads in my city that are 
very fine in dry weather, but a few minutes’ rain makes 
the worst kind of red mud. On residential streets 
where there is light traffic and sand foundation it makes 
a fair surface, but on most of the streets where this 
material is in use, it would be economy to employ some 
|other material. We have often been told of the excel- 
lent roads of Europe, which are under the government's 


|eontrol. On these roads a force of skilled men are con- 
tinually at work making repairs, and any defect, how- 
ever t, is immediately repaired. It is not con- 


sidered that the necessity for continual repairs is an 
evidence of poor workmanship in the original construc- 
tion, but rather that an earnest endeavor is being 
made to keep the roadway in perfect repair. This 
prompt and constant repairing explains the superior 
condition of the roadways of Europe. 

The men who have these repairsin charge are men 
skilled in this kind of work, and hold their positions 
beeause they are thus qualified. Politics has nothing 
to do with them, as it has in this country. These men 
are removed for cause only. It takes years to teach 
men the art of road building and the proper method 
to be employed in making repairs. Generally in this 
country cities and towns pay for educating the men 
ineharge of their roads and then politics removes 
them, but time will make this matter right. It will 
certainly be made right when people find that it is the 
only way to have good roads. All of us have much to 
learn in regard to road building. Toa very large ex- 
tent it is in an experimental stage in this country at 
the present time, and without doubt millions of dollars 
will be foolishly expended on worthless pavements. 
This waste of Bo and money could be saved to a 
large extent if every person who has a theory or 
scheme of his own would consult with men thoroughly 
informed on the subject. 

For instance, in this State (Massachusetts) we have 
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a highway commission composed of three men ap- 
pointed by the governor, and who are in touch 
with the « ed road builders in the world. 


Fortunately for our State we have on this commission 
very bright, intelligent men who have the cause at 
heart These wen are workers, and are not afraid to 
go into the field themselves. They are well informed 


snd maintenance of our roadways, 


on the construction 
and are inevery way qualified to give sound, practical 
advice, and the officials of our cities and towns could 


not do better than to avail themselves of their advice 
When the people become thoroughly 
they will demand and finally 
methods of construction 


an | rience 
aroused on this subject 
secure the best 
maintenance 


promi Dole 


Aside from the facts quoted from well-known authors 
lam indebted for nin \, information to the kindness 
of many of our citizens who have traveled mi this 
country and in Europ Ntone 


AERODYNAMICS 


AN ANALYSIS OF THE FUNCTIONS OF A BIRD'S WING 
DURING FLIGHT AND PTS MECHANICAL [MPTATION 
By Mort, Mem. Am. Inst. Elec. Engrs 
THose who have had the opportunity and the in 


clination to watch closely and consider thoughtfully 


the peculiar motions imparted to the bodies of birds 
having large wing surface, during flight, such as the 
peliean, albatross, or the buzzard of our southern 
cities, will have observed that when they are in the 


air and exercising the flapping action of the wings 
there isan up and down motion of the body simulta 
neous With a fore and aft impulse 


This suggestive motion, glaringly apparent with the 


larger birds, undoubtedly takes place with the smaller 
birds, but with such a diminished degree and increased 
velocity of motion as to be nearly unobservable. It 
is plainly seen, however, in the flight of the swallow, 
and with the wood pec ker Species the up and down mo 
tion is magnified to a sinusoidal path in a vertical plane 
through the air 

This peculiar and suggestive feature of orthogonal* 


flight as contradistinguished from hovering, soaring, 
poising, and gliding, which is quite another thing, I 


have attempted to analyze as an aid to the mechani 


in the abstract, and will after- 
application of some general 
in the conerete and 


cal imitation of flight 
ward show the useful 
mechanical principles to tight 
their possible value to man 

It is conceded that the flight of a bird is impossible 
of exact imitation by mechanical means, unless our 
constructive materials could be made to have, for this 
Purpose, the adaptation of the materials provided by 
nature; at the same time Lam quite certain that imi 
tation of nature for the solution of this problem is 
wholly undesirable and unprofitable, and in’ this con- 
nection it is well to remember that man bas departed 
from the practices of nature in nearly all the mechani- 
eal development of the past 

The belief of many that we must imitate the birds 
if we desire to fly not founded in good reasoning. 
It Is profitable to closely examine the philosophy of 
what we find tn nature when it is desired to accom 
plish analogous ends, and we have frequently seen in 
genious resulfsattained, by an observing mind seek 
ing the solution of a problem from a new point of 
view, after many similarly planned laborious attempts 
have failed, but to my mind it is certain that man will 
never practically navigate the air if he must do it 
Just like the bird 

In the evolution of marine and land vehicles invent 
ors have certainly not imitated the methods of nature 
as found in the biped quadruped or the fish, and vet 
they have sucee 
speed and endurance 
motive built the 
horse. 

The writer regards as untenable the proposition ad 


Is 


Fancy, if you loco- 
structural plan of a man or a 


On 


vanced by some writers that air passes through a wing 


during its upward stroke simply because it is not neces 
sary that such should be the case, and in the economy 
of nature unnecessary operations are not performed. 
If a bird was stationary while exerting its wing action 
there might be something gained by the air passing 
through the wing during its upward movement, but 
as a bird is never stationary during orthogonal flight, 
it is fair to assume no such action takes place, and. be 
sides, an examination of the structure of a wing pre 
cludes such an assumption 


Referring to diagram, Fig. 1, imagine two concavo 
convex lines made to represent the transverse section 
of a wing, D, U being a movable falerum, which is, in 


fact, the front edwe of the wing, 


per upper dotted line and arrow 


*Aterm calmed by the French 
sustatoed by direct dowawanl dynamic Unrust upon Ube air 


Now, D representing 
the downward stroke, the range of reaction must be as 
head, giving, as is 


indicate fight in which the weight ix 


led in surpassing all of these in size, | 
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WING 


plainly seen, a progressive and sustaining action, as 
sisted by the coneavity of the underside of wing; 
while with the upor return stroke, U, the reaction 
ranging as before (per dotted line), there will be pro- 
gressive action only assisted by the convexity of the 
upper side of wing. In short, it is quite similar to 
seulling, every motion effective, but in this case one 
stroke being slightly in excess of the other. 

Carefully note that the operation described is only 
wholly true when the body carried and propelled by 


ACTION MECHANICALLY 


ILLUSTRATED. 


gress horizontally. This is clearly the reason for the 
body motion referred to above of a bird during flight ; 
the preponderance of one stroke over another causing 
the up and down motion, and the intermittent hori- 
zontal reaction of the wings the fore and aft impulse. 
One of the fine adaptations of the bird’s wing te the 
art of flight is shown in the flexibility of stroke in one 
direction and its not absolute but great rigidity of 
stroke of an opposite kind ; this and other delicate and 
subtile qualities make flight quite as difficult of exact 


the wings has a motion of translation, for the upward | artificial imitation as are some of the complex and un- 
stroke of U would be negative were it not for its pro-| conscious motions of the human body. 


PLANES TO BE 


% 


ELECTRICALLY OPERATED. 
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I will endeavor, by aid of the illustrations, to show 
by mechanical means a close approximation to wing 
action during flight. Ina simple compact mechanical 
com >ivation, a two-fold motion of pendulation and 
translation is imparted to aeroplanes disposed in such 
a way that power can be effectively — In carry- 
ing it out, it will be observed that the philosophical 
action of a wing is imitated, but applied in a totally 
different manner, viz., in a circular instead of a straight- 

»okes is the strong- 


away direction. 

The bicyele wheel with tangent “| 
est wheel, for the weight of material employed, known, 
or it is safe to say possible of construction, and at the 
same time having a minimum of air resistance to 
motion. 

Fig. 2 is such a wheel of slightly modified construc- | 
tion. The wheel, of course, has no heavy tire or rim, 
as it is subject to no jars or sudden strains. The 
rim would preferably be made of aluminum tubing or 
wood, and piano wire spokes may be used. 

Arranged around its periphery at four or eight dia- | 
metrically opposite points are aeroplanes hinged on 
ball bearings and allowed oscillation, as indicated by 
dotted lines on their axis by the eccentric or a cran 
clearly shown on the vertical axial shaft. 

This wheel is the driving wheel, and the axle shaft 
may be held stationary while the driving wheel is re- 
volving; but preferably, and with a very important 
end in view, it would be revolved in the opposite di- 
rection, as indicated by the arrow. The effect of this 
isto give a vertical oscillating motion to aeroplanes, | 
and at the same time a motion of translation around 
a common center, one revolution of the driving wheel 
eausing one complete cycle of oscillation of the planes, 

This varies from wing action, in that the planes 
have an oscillating instead of a flapping motion, with 
this important feature in common with the bird’s wing 
that both motions are positive and have a continuous 
sustaining action, and the happy combination of the 
ee and serew propeller principle is found in a 
single machine, having no violent reciprocating parts 
or intermittent actions. | 

The shape of the planes would be subject to experi- | 
ment; they may be made of sheet aluminum of shell 
structure, as shown Fig. 6, or steel frames covered with 
flexible material, which would augment their efficiency | 
by presenting an elastic concave surface for the air | 
pressure to act upon, or they may be made of some 
suitable wood. 

Fig. 2 is a side elevation in part section having two 
of the aeroplanes omitted. a is an oil reservoir for lu- 
brication, ’ the hub of the driving wheel, ¢ the piano | 
wire spokes, d the (hollow) metal or (solid) wood rim of | 
the wheel upon which are fulerumed on ball bearings | 
the wings or planes, ¢ ¢, seen in plan, Fig. 3. These 
wings or planes have the oscillating motion imparted 
to them by the eccentric, ¢, through the wire or rod 
connections, ff. The straight and curved dotted lines 
show the extreme limits of oscillation, and the arrows 
the direction of the reverse dual motion imparted to 
the combination by a suitable motor. he eccen- 
tric is mounted upon the axial shaft, 4, which is sup-| 
ported in ball bearings. Fig. 3 is a plan of Fig. 2, the | 
central portion being in section on the line 2 a of Fig. 
2 The eccentric connections with the four planes in 
this ease being indicated in dotted lines. Figs. 4 and 
5 show two arrangements of planes to be operated by 
electric motors of the multipolar type made integral 
with and part of the driving wheel; the active power 
of the field (giving the motion of translation) and the 
reactive power of the armature (giving the oscillating 
motion) being absorbed in the driving effort, the whole 
resting upon a tripod device like the surveyor’s transit. 


AN ARMORED DISAPPEARING TURRET 
OPERATED BY HAND POWER. 


It is now thirty years ago that the protected turret 
made its appearance and took a place among the most | 
important adjuncts of permanent fortifications. It was | 
in 1868 that Gen. Brialmont mounted the first cupola | 
upon the redoubt of Fort No. 3of Anvers. Since then | 
this metallic apparatus has been the object of numer- 
ous improvements, the principal of which have been 
successively brought to the knowledge of our readers ; 
but the latest word is not yet said. Military engineers 
are always at this work, and their opinion is far from 
being definitely settled touching the conditions that 
should be satisfied by numerous as yet undetermined 
elements of a question that is so interesting from a 
military standpoint. Allthat it is possible for them to 
do to-day is to formulate a few general principles, which 
may be unsettled to-morrow by the fact of some new 
discovery or new combination. 

The following are the general rules that they think 
should be followed, at least provisionally, in the course 
of their work : Protected turrets for guns of large cal- 
iber are of two kinds; one of them, the disappearing, 
for the direct firing done by large guns, and the other, 
simply revolving, for the curved firing of short guns. 
The latter should be carefully concealed from the sight 
of the enemy. The turrets may be called upon to re- 
ceive one or two guns. The first of these two arrange- 
ments is preferable from a military view-point. If the 
second is quite often adopted, it is solely by reason of 
economy. As regards the selection of the metal to be 
employed for the manufacture of the movable armor 
plating, experience has permitted of the conclusion to 
reject hard cast iron, and even the best steel (cast, 
forged or tempered with lead), which cracks too easily 
under the action of the impact of torpedo shells. At 
present it is rolled iron that is in favor; but will 
it be so long? Hard cast iron seems also to be admis- 
sible for glacis plates that have to withstand only the 
effects of vertical firing. 

The top of a turret may have the form of a convex! 
cap of large radius composed of two or three pieces | 
of rolled iren from 10 to 12 inches in thickness. As for | 
the cylindrical part of the movable armor plating, that | 
should not be less than 18 inches. Every armor casing | 
includes a lining for Me purpose of warding off the | 
danger of a falling of fragments of metal detached from | 


at our disposal obliges us to confine ourselves to a sim- 
ple enumeration of the accessory questions that are 
to-day the object of the studies of a number of en- 
gineers of merit. 

These subjects of [study are the following: form of 
the glacis plate ; bermetical closing of the gun cham- 
ber: method of revolving the turret; organization of 
the armament, as well as of forward and upward 
aes. direct or indirect; masonry substructures ; 
ighting; acoustic and telephonic communications ; 
observatories; ventilation ; methods of getting rid of 
the foul air, ete. 

While waiting for each of these questions to receive 
a rational solution, it is wellto make known an ex- 
tremely simple disappearing apparatus, conceived by 
commandant of engineers Galopin. A model of this 
apparatus constructed at the Creusot works has been 
tried with complete success under the eyes of a delega- 
tion of the council of war. 

The following is a succinct description of it : 

Having analyzed the problem of the rapid maneuver- 
ing of tarrets for guns of large caliber, the inventor 
found that, being given the weight of the masses to 
be submitted to shock (200 to 250 tons), and the ampli- 
tude and rapidity of the motions of the disappearance 
to be effected, a turret for two 6inch guns should be 
maneuverable by hand by a small number of men 
only if it satisfies these two conditions, viz.: (1) of 
being a recuperator of energy, that is to say, of being 
provided with a means of recovering from one end of 
its travel to the other (at least in major part) the work 
necessary for the effect of overcoming the inertia of 
the masses to be put in motion; (2) of including an 
accumulator of work permitting a few men to accumu- 
late, during the intermission bet ween two volleys, the 
work that must be abruptly expended at the moment 
of the maneuvers in order to obtain satisfaction for 
the passive resistances of the system. 

This granted, the inventor makes of the turret itself 
and of its parts of equilibrium a true “ pendulum” 
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‘smelting and alkali making. 


mechanical effect it would produce if the energy were 
all converted into the motion of a mass of matter. In 
nature nothing is lost! Surely no dictum of science 
Was every more contrary to the voice of common sense 
—that is to say, the sense of what is reasonably derived 
from the ordinary experience of life. 

Let us first take the law of conservation of mass. It 
has been the common experience of mankind for ages 
that solid fuel burns away, producing a certain 
amount of smoke and leaving a little ash behind, no 
other substance being formed in the burning. There 
is nothing else produced which is either visible, tangi- 
ble, or, as far as common experience goes, ponderable. 
Common experience failed to afford an insight into the 
changes in the forms of matter which happen during 
burning. Lavoisier’s Experiences (vide Knowledge, 
February, 1892) corrected common sense in this, and 
we now say that in chemical changes no matter is de- 
stroyed. Common experience teils us, however, that 
things have a tendency to wear out and get used up— 
iron rusts, for instance, and soil loses its fertility. 
Later chemical research has confirmed this common 
experience, and shows that the general tendency of 
chemical changes is to the production of material less 
capable of reacting chemically, and therefore less 
available for the work of the world, The carbon 
chemically combined in plants is still capable of barn- 
ing, and as a constituent of vegetable food is converted 
by animals into carbonic acid. Certainly no carbon 
has been annihilated, but when it has got to the final 
form of carbonic acid there is litthe more that carbon 
can do, If it is not lost, it is at all events pretty se- 
curely locked up. Were it not for the extraneous 
energy the earth receives from the sun’s rays, the car- 
bon in carbonic acid would be, in this sense, irretriev- 
ably lost. In the processes of industrial chemistry we 
may often see the manufacturer's art applied to the 
production of some material in a form in which it is 
chemically active; we may cite, for instance, iron 
Dwellers in the neigh. 
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apparatus, so established that when the turret occu-, 
pies one of its extreme positions, that of disappearance, | 
for example, it tends, sponte sua, to occupy the oppo- 
site position, and vice versa. He thus succeeds, at 
every simple travel, in recovering the work of inertia, 
and that, too, without the intervention of any exter- 
nal force. 

The mechanism consists essentially of a balance 
beam, one of whose extremities carries the turret, and 
the other a counterpoise. Instead of pivoting around 
a fixed axis, the beam oscillates in moving upon a 


| eylindrical roller with horizontal generatrices. | 


The counterpoise having been determined in such 
a manner as to exactly balance the turret occupying 
acertain mean position of the beam, if the latter be 
deviated from such position the bearing point will be 
changed, and, consequently, the relation of the lever 
arms of the turret and the counterpoise. It will be 
seen that, thanks to the use of the roller, we might, 
if there were no friction, cause the beam to execute 
an indefinite series of oscillations ; but, in practice, by 
reason of the passive resistances, which would dimin- 
ish the said oscillations at every travel, it will be neces- 
sary, at the time of each maneuver, to give the system 
a supplementary impulsion in order to permit it to 
occupy each of its extreme positions alternately. This 
result is obtained by means of the action of a motive 
counterpoise, which, during the interval between two | 
firings, is raised to a proper height by means of a wind- 
lass maneuvered by five or six men. This duly calcu- 
lated height of fall permits this counterpoise to accu- 
mulate the necessary difference of work.—La Nature. 


NATURE'S PROTEST AGAINST CHANGE. 
By VAUGHAN CoRNISH, M.Se. 
THE two great laws of covservation—the law of con- | 
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borhood of Middlesborough, or of Widnes, realize bet- 
ter than most people that for every ton of iron a far 
formed—slag 
which has accumulated in masses greater than the 
pyramids of Egypt—and that for every ton of soda 
there are produced nearly two tons of alkali waste. 

The balance of chemica) change is on the side of di- 
minished chemical activity. Nature grows weary, and 
protests afterward against changes which she does not 
prevent, and often scarcely hindered at the time. 

It is, however, in the domain of physies rather than 
in chemistry, in transformations of energy more than 
in transformations of matter, that Nature's protest 
against change is most strikingly shown. We do not 
refer merely to the property of inertia, in virtue of 
which all bodies resist a change in their state of rest 
or motion. In this case, if the resistance be overcome 
and the motion of the body be increased, energy is 
stored up in the increased momentum of the body; 
but when such exchanges of energy are examined in 
detail there always appears a residual phenomenon 
which mars the simplicity and completeness of the re- 
sult. Take the case of any of the well-known mechan- 
ieal appliances. A small force is made to raise a large 
weight, and if we wultiply the foree by the distance 
through which its point of application is moved, the 
product would be equal to that of the weight multi- 
plied by the distance which the weight is raised, were 
it not for the inevitable friction which fritters away a 
sart of the mechanical energy in the less available 
‘orm of heat. It is true that the heat so produced has 
its mechanical equivalent. Heat can be converted 
into mechanical work, and one unit of heat converted 
into mechanical energy produces one thousand three 
hundred and ninety foot pounds, the same amount of 
mechanical work which was required to produce the 
unit quantity of heat; bat if we are dealing with the 


the roof through a shock or the explosion of projec- | servation of mass and the law of conservation of | unit quantity of heat, it is found in practice to be im- 
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plate, is formed of two thicknesses of 44 inch plates. 


doctrine that in nature nothing is lost. The form of 


This lining, which is of steel | energy—have familiarized the educated world with the | possible to transform the whole of it into mechanical 


work. Part still remains in the form of heat. Per- 


Such are the essential rules that are now about ad-| matter changes, but the quantity remains unaltered ;| haps one-half of the unit quantity of heat may be 


mitted ; but there is a host of conditions of detail that! 


a well organized turret must fulfill The limited space | equivalent ” is constant—that is to say, the amount of | leaving the other half still in the form of 


the form of energy changes, but 


its **mechanical | converted into six hundred and ninety-five foot pounds, 


heat energy. 
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This is an example of the conservation of heat energy, 
bat if is a somewhat form of conserva 
tism, for the balf unit of heat which is left is heat at a 
lower temperature or heat level than that with which 
we started, and is less available for further transforma 
tion, Only a reduced proportion of this heat can be 
eonverted into the higher or more available forme of 
energy Hirn’s xperiments with the steam engine 
illustrate this pont rhe heat between the 
boiler and condenser is accounted for by the mechani 
eal work done, and the mechanical equivalent of heat 


lows of 


determined in this way is identical with the heat 
equivalent of work determined by Joule’s method of 
warming a liquid by the friction of paddle wheels 
driven by a falling weight But the steam engine can 


not be worked without a transference of heat bet ween 
the boiler and the « over and above the heat 
that is used to ovefeome resistance. This surplus heat 
is degraded from the bigh temperature of the boiler to 
the low temperature of the condenser. It is still the 
same in quantity, but it is available for transfor 
mation, leas ready to andergo further change. In this 
case of the running down or degradation of energy an 
external mechanical effect is produced, and the result 
is in aceordance with our everyday experience, and 
therefore is consistent with the « tpectations of com 
mon sense, We cannot work without growing tired, 
and it does not seem unreasonable that something an 
alogrous to fatigue should be shown by inorganic na- 
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ture. But the inorganie world shows loss of vigor, 
not only after effort, bat after any change even 
though not accompanied by external effeet. It is in 


such phenomena of diminished vigor resulting from all 
those natural changes which proceed without effort 
and without «nuplishment of work, that we 
best see Nature's protest against all change. One of 
the beet illustrations, which is not only a striking one, 
but has been carefully and quantitatively examined, is 
afforded by the expansion of cot pressed air into a 
vacuum. lo Joule’s well Known experiments, a vessel 
containing compressed air and provided with a stop 
cock was attached to a similar vessel which had been 
exhausted of air. The two were placed in the same 
vesselof water, and the temperature carefully noted 
The stopcock Was then opened, and the compressed 
air was allowed to rush into the empty vessel. The 
empty thereby heated, and the full vessel 
eooled : bat on stirring the water of the outer or con 
taining vessel as to equalize the temperatures 
throughout, it is found that the temperature of the 
system of bodies has, as a whole, undergone no altera- 
tion, The only change is that the energy of the air is 
lews available than it was before. There is the same 
amount of energy én it, bat in order to get energy out 
of it we should have to expend work upon it, « g., by 
compressing it again into a smaller space. A similar 
and even more important case is that of the equaliza 
tion of temperatures which is constantly taking place 
by the flow of heat from hotter to colder bodies, or 
from hotter to colder parts of the same body. The 
amount of heat received by the cold body is equal to 
that lost by the hot body, but whereas work, mechan- 
ieal, electrical, chemical and so forth, could always be 
got out of the two bulies as long as there was a differ- 
ence of temperature between them, now that the tem- 
peratures are the same no work or effeet can be ob- 
tained from the interaction of the two 

The tendency of all forus of energy to transform 
themselves into heat, and the tendency of heat energy 
to become aniformly distributed and therefore ineffec- 
tive, is one of the most important modern generaliza 
tions from the study of physical forees. A leveling 
process appears to go on everywhere in the inorganic 
world, and if the tendencies which are so distinctly 
seen to operate now are a part of a continuing order of 
all things, then we cannot avoid the logical conclusion 
that the world tends toward a state of death in life in 
which all the mass and all the energy of the present 
cosmos are undiminished bat impotent. Then there 
shall be no chang: 

Such is the dreary prospect afforded by the attempt 
to push bevond the limits of our experience the con 
clusions to which observation of inorganic nature un 
doubtedly leads). What a different prospect is un 
folded by the doetrines which have grown out of the 
scientific study of the animated world! Natural selec 
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tion, the survival of the fittest, evolution, familiar 
terms expressing the generalizations of biological 
science, point to differentiation, development and 


progress It is easy to observe the effeet of the doc 
trines of evolution and development in the optimistic 
tone as to progress and the future of human society 
adopted by many writers of the present day 

How is it may well ask, that the tendency of 
things appears so different when looked at from the 
point of view of the physical and of the biological 
sciences’ Perhaps it is that the progress of species 
in which the exercise of volition plavs an important 
part, resembles the processes of the industrial arts, in 
which the finer and more serviceable forms of matter 


are orexiuced by aid of thought and contrivance rather 
than the ordinary operations of inorganic nature. We 
have pointed out how the manufacture of metaliic iron 


involves the simultaneous produetion of greater quan 


tities of the effete iron slag. Something analogous 
seems to be indicated in the frightful waste of animal 
life. and in the extinction of species. Death, however, 


removes these from the sohere of action—a difference 
het ween the organic and the inorganie world, the im 
portance of which will be realized more particularly bv 


these who have studied the processes of chemical 
change. 

Neither should it be forgotten that. after all the 
student of phvsical eience deals statistically with the 
phenomena he investigates, whereas the work of the 
student of bielwiea!l science, as the «tudent of man 
kind ales, to laryve extent conc: rom! with individ 
unle Physical adence deals with the properties of 


energy as ethibited by matter The onit« or individ 
vals of matter are atoms and molecules, and we cannot 
examine individual molecules. Could we do we 
might, and probably should, find that the history of 
any # the «mall number of mole which we 
might todividually «tudy «cald differ from the history 
of the bedy of which they spartas much as the 
fortanes of the dividual may differ from the 
general bet of the homan race Referring back to the 
example of the compressed air expanding into a vacu 
ous vessel, it might vocur that certain molecules would 
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receive impacts so directed and so timed that their 
velocity of motion and their individual energy would be 
greatly increased. If chance directed our attention to 
such cases, we might be led to suppose that the change 
whieh accompanied the expansion of air had been 
* progressive” in its character, since it acted tor the 

benefit” of the “fortunate” molecules. But the 
statistical study of the phenomenon as a whole would 
show that, in spite of the “development ” of individ 
uals, there had been a general lowering of vigor all 
round 

But, however these things may be, it is undoubtedly 
the fact that the powers of the animated world are 
ultimately derived from the inorganic source of 
physical energy, and sooner or later the powers of 
organic development must cease if the phenomena of 
degradation of every as exhibited by the inorganic 
world are really, as they appear, universal in their ap 
plication. —Anorcledge. 


Continue! from N page 15510 
STUDY OF FLUID MOTION BY MEANS 
OF COLORED BANDSsS.* 

By Prof. OsBoRNE REYNOLDs, 


IN wave motion, if the color bands are across the 
wave, they show the motion of the water: nevertheless, 
their chief indication is of the change of shape while 
the fluid is in motion. 

This is illustrated in this long bottle, with the 
colored water less heavy than the clear water. If I lay 
it down in order to establish equilibrium, the blue 
water has to leave the upper end of the bottle and 
spread itself over the clear water, while the clear water 
runs under the colored. This sets up wave motion, 
which continues after the bottle has come to rest. 
But as the color bands are parallel with the direction 
of motion of the waves, the motion only becomes 
evident in thickening and bending of the color bands. 

The waves are entirely between the two fluids, there 
being no motion in the outer surfaces of the bottle. 
which is everywhere glass, They are owing to the 
slight differences in the density of the fluids, as is indi 
cated by the extreme slowness of the motion. Of such 
kind are the waves in the air. that cause the clouds 
which make the mackerel sky, the vapor in the 
tops of the waves being condensed and evaporated 
again as it descends, showing the results of the mo- 
thon 

The distortional motions, such as alone occur in 
simple wave motion, or where the surfaces of the fluid 
do not fold in on themselves, or wind in, are the 
same as occur in any homogeneous eonutinuous na 
terial which completely fills the space between the 
surfaces 

If plastic material is homogeneous in color, it shows 
nothing as to the internal motion: but if | take a 
lump built of plate-, blae and white, say a square, 
then I can change the surfaces to any shape without 
folding or turning the lump, and the colored bands 
which extend throughout the lump show the internal 
changes. Now the first point to illustrate is that, how 
ever | change its shape, if bring it back to the 
original shape, the color bands will all come back to 
their original positions, and there is no limit to the ex 
tent of the change that may thus be effected. I may 
roll this out to any length, or draw it out, and the 
diminution in thickness of the color bands shows the 
extent of the distortion. This is the first and simplest 
class of motion to which fluids are susceptible By this 
motion alone elements of the fluid may be, and are, 
drawn out to indefinitely fine lines, or spread out in 
indefinitely thin sheets, but they will remain of the 
same general figures. 

By reversing the process they change back again to 
the original form. No color band can ever be broken, 
even if the outer surface be punched in till the punch 
head comes down on the table; still all the color bands 
are continuous under the punch, and there is no fold 
ing or lapping of the color bands unless the external 
surface is folded. 

The general idea of mixture is so familiar to us that 
the vast generalization to which these ideas afford the 
key remains unnoticed. That continued mixing re- 
sults in uniformity, and that uniformity is only to be 
obtained by mixing, will be generally acknowledged, 
but how deeply and universally this enters into all the 
art« can but rarely bave been apprehended. Does it 
ever occur to any one that the beautiful uniformity of 
our textile fabrics has only been obtained by the de- 
velopment of processes of mixing the fibers? Or, 
again, the uniformity in our construction of metals; 
has it ever occurred to any one that the inventions of 
Arkwright and Cort were but the application of the 
long Known processes by which mixing is effected in 
eulinary operations’ Arkwright applied the draw 
rollers to uniformly extend the length of the cotton 
sliver at the expense of the thickness; Cort applied 
the rolling mill to extend the length of the iron ee 
at the expense of its breadth; bat who invented the 
rolling pin by whieh the pastry cook extends the 
length at the expense of the thickness of the dough for 
the pile erust ? 

In all these processes the object, too, is the same 
throughout—to obtain some particular shape, but 
ehiefly to obtain a uniform texture. To obtain this 
nicety of texture it is necessary to mix up the material, 
and to accomplish this it is necessary to attenuate the 
material, so that the different parts may be brought 
together 

The readiness with which fluids are mixed and uni- 
formity obtained is a byword ; but it is only when we 
come to see the color bands that we realize that the 
by which this is attained is essentially the 
same as that so laboriously discovered for the arts—as 
depending first on the attenuation of each element of 
the fluid —as I bave illustrated by distortion. 

In fluids, no less than in cooking, spinning and roll 
ing, this attenuation is only the first stepin the pro- 
cess of mixing : all involve the second process, that of 
folding, piling, or wrapping, by which the attenuated 
lavers are brought together This does not occur in 
the pure wave motion of water. and constitutes the 
second of the two classes of motion If a wave on 
water is driven beyond a certain height, it leaps or 
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breaks, folding in its surface. Or. if 1 but move a 
solid surface through the water, it introduces tangen- 
tial motion, which enables the fluid to wind its ele 
ments round an axis. In these ways, and only in these 
ways, we are released from the restriction of not turn- 
ing or lapping. And in our illustration, we may fold 
up our dough, or lap it—roll it out again and lap it 
again; cut up our iron bar, pile it, and roll it out 
again, or bring as many as we please of the attenuated 
fibers of cotton together to be further drawn. It may 
be thought that this attenuation and wrapping will 
never make perfect admixture, for however thin each 
element will preserve its characteristic, the colored 
layers will be there, however often | double and roll 
out the dough. This is true. But in the case of some 
fluids, and only in the case of some fluids, the physical 
process of diffusion completes the admixture. These 
color bands have remained in this water, swelling but 
still distinct: this shows the slowness of diffusion. 
Yet such is the facility with which the fluid will go 
through the process of attenuating its elements and 
enfolding them, that by simply stirring them with a 
spoon these color bands can be drawn and folded so 
fine that the diffusion will be instantaneous, and the 
fluid become upiformly tinted. All internal fluid 
motion other than simple distortion, as in wave 
motion, is a process of mixing, and itis thus from the 
arts we get the clew to the elementary forms and pro 
cesses of fluid motion 

When I put the spoon in and mixed the fluid you 
could not see what went on—it was too quick. To 
make this clear, it is necessary that the motion should 
be very slow. The motion should also be mn planes, at 
right angles to the direction in which you are looking. 
Such is the instability of fluid that to accomplish this 
at first appeared to be difficult. At last, however, as 
the result of much thought, | found a simple process 
which I will now show you, in what I think is a novel 
experiment, and vou will see what | think has never 
been seen before by any one but Mr. Foster and my- 
self. namely, the complete process of the formation of 
a eviindrical vortex sheet resulting from the motion of 
a solid surface. To make it visible to all l am obliged 
to limit the color band to one section of the sheet, 
otherwise only those immediately in front would be 
able to see between the convolution of the spiral. 
But you will understand that what is seen is a section, 
a similar state of motion extending right across the 
tank. From the surface vou see the plane vane ex- 
tending half wavy down right across the tank ; this is 
attached to a float 

I now institute a color band op the right of the vane 
out of the tabe. There is no motion in the water, and 
the color descends slowly from the tube. I now give a 
smnall impulse to the float to move it to the right, and 
at once the spiral form is seen from the tube. Similar 
spirals would be formed all across the tauk if there 
were colors. The float bas moved out of the way. 
leaving the revolving spiral with its center stationary, 
showing the horizontal axis of the spiral is half 
way between the bottom and surface of the tank, 
in which the water is now simply revolving round this 
axis. 

This is the vortex in its simplest and rarest form (for 
a vortex cannot exist with its ends exposed). Like 
an army it must have its flanks protected; hence a 
straight vortex can only exist where it has two sur 
faces to cover its flanks, and parallel vertical surfaces 
are not common in nature. The vortex can bend, and 
with a horse shoe axis, can rest both its flanks on the 
same surface, as this piece of clay, or unite its ends 
with a ring axis, which is its commonest form, as in 
the smoke ring. In both these cases the vortex will 
be in motion through the fluid, and less easy to ob 
serve. 

These vortices have no motion beyond the rotation, 
because they are half way down the tank. If the vane 
were shorter, they would follow the vane; if it were 
longer, they would leave it. 

In the same way, if instead of one vortex there were 
two vortices, with their axes parallel, extending right 
across, the one above another, they would move to- 
gether along the tank. 

I replace the float by another which has a vane sus- 
pended from it, so that the water can pass both above 
and below the vane extending right across the middle 

yortion of the tank. In this case | institute two color 
Conde, one to pass over the top, the other underneath 
the vane, which color bands will render visible a see- 
tion of each vortex just as in the last case. I now set 
the float in motion, and the two vortices turn toward 
each other in opposite directions. They are formed by 
the water moving over the surface of the vane, down- 
ward to get under it, upward to get over it. so that 
the rotation in the upper vortex is opposite to that in 
the lower. All this is just the same as before, but in- 
stead of these vortices standing still as before, they 
follow at a definite distance from the vane, which 
continues its motion along the tank without re 
sistance. 

Now this experiment shows, in the simplest form, 
the modus operandi by which internal waves can 
exist in fluid without any motion in the external 
boundary. Not only is this plate moving flatwise 
through the water, but it is followed by all the water, 
colored and uncolored, ineclosed in these evlindrical 
vortices. Now, althongh there is no absolute surface 
visible, yet there is a definite surface which incloses 
these moving vortices, and separates them from the 
water which moves out of their way. This surface 
will be rendered visible in another experiment I shall 
show vou. Thus, the water which has only wave 
motion is bounded by a definite surface, the motion of 
whieh corresponds to the wave; but inside this closed 
surface there is also water, so that we cannot see the 
surface, and this water inside is moving round and 
round, but so that its motion at the bounding sur- 
face is everywhere the same as that of the outside 
water. 

The two masses of water do not mix. That outside 
moves out of the way of and past the vortices over the 
bounding surface, while the vortices move round and 
round inside the surface in such a way that it is mov- 
ing in exactly the same manner at the surface as the 
wave surface outside. 

This is the key to the internal motion of water. You 
cannot have a pure wave motion inside a mass of fluid 
with its boundaries at rest, but you have a compound 
motion, a wave motion outside, and a vortex within, 


| 
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which fulfills the condition that there shall be no slid. ! 
ing of the fluid over fluid at the boundary. 

A means which | hope may make the essential con- 
ditions of this motion clearer occurred to me while pre- | 
paring this lecture, and to this I will now ask your at 


I have here a number of layers of cotton 
wool (wadding). Now | ean force any body along be- 
tween these layers of wadding. They yield, as by a 
wave, and let it go through ; bat the wadding must 
slide over the surface of the body so moving through 
it. And this it must not do if it illustrate the condi 
tions of fluid motion. Now, there is one way, and only 
one way, in which material cau be got through between 
the sheets of wadding without —o~- It must roll 
throagh ; but this is not enough, because if it rolls on | 
the under surface it wil! be slipping on the upper. But 
if we have two rollers, one on the top of the other, be 
tween the sheets, then the lower roller rolls on the 
bottom sheet, the upper roller rolls against the upper 
sheet, so that there is no slipping between the rollers 
or the wadding, and, equally important, there is no | 
slipping between the rollers as they roll on each other. 
lL have only to place a sheet of canvas between the 
rollers and draw it through; both the flannel rollers | 
roll on the canvas and on the wadding, which they 
pass through without shipping, causing the wadding 
to move in a wave outside them, and affording a com- | 
plete parable of the vortex motion. 

I will now show by color bands some of the more 
striking phenomena of internal motion, as presented 
by Nature's favorite form of vortex, the vortex ring, 
which may be described as two horseshoe vortices with 
their ends founded on each other. 

To show the surface separating the water moving | 
with the vortex from that which gives way outside, I 
discharge from this oritiee a mass of colored water, | 
which has a vortex ring in it formed by the surface, as | 
already described. You see the beautifully defined 
mass moving on slowly through the fluid, with the 
proper vortex ring motion, but very slow. It will not) 
go far before a change takes place, owing to the dif 
fusion of the vortex motion across the bounding sur 
face ; then the colored surface will be wound into the 
ring which will appear. The mass approaches. the 
disk in front. It cannot pass, but will come up and 
carry the disk forward ; but the disk, although it does 
not destroy the ring, disturbs the motion. 

if | send a more energetic ring, it will explain the’ 
yhenomenon | showed vou at the beginning of this 
mone it carries the disk forward as if struck with a 
hammer. This Slow is not simply the weight of the 
eolored ring, but of the whole moving mass and the 
wave outside. The ring cannot pass the disk without 
lestruction with the attendant wave. 

Not only cana ring follow a disk, but, as with the 
plane vane, so with the disk; if we start a disk, we 
must start a ring behind it. ' 

I will now fulfill my promise to reveal the silent mes 
senger I sent to those balloons The messenger ap- 
pears in the form of a large smoke ring, which is a vor 
tex ring in air rendered visible by smoke instead of 
eolor. The origination of these rings has been care- 
fully set so that the balloons are beyond the surface 
which separates the moving mas; of water from the 
wave, so that they are subject to the wave motion 
only. If they are within this surface, they will disturb 
the direction of the ring, if they do not break it up. | 

These are, if | may say so, the phenomenal instances 
of internal motion of fluids. Phenomenal in their sim- | 
plicity, they are of intense interest, like the pendulum, 
as furnishing the clew to the more complex. It is by | 
the light we gather from their study that we can hope 
to interpret the parable of the vortex wrapped up in 
the wave, as applied to the wind of heaven, and the 
grand phenomenon of the clouds, as well as those 
things which directly concern us, such as the resistance 
of our ships. 


tention. 


HOW TO ICE CAKES. 


TAKE the cake and piace it upon a stand, as shown 
in Fig. 1. I prefer a stand made of wood, and use one 
as shown. The bottom is turned out of a hard piec> 
of wood (mahogany), the bottom hollowed out, and 
about 10 pounds of lead run in and fixed into position 
with serews. This gives stability to it and prevents 
it from being upset as you turn the cake around. The 
hole is bored into the center of the top, going down 
about six inches; the top is made from four pieces of 
the same wood glued together, the grain alternating; 
this prevents the plate from twisting, and some brass 
screws are put in to better secure it against sudden 
breaking. A piece of brass tube fixed firmly to a plate 
forms the pivot upon which it revolves. 
bottom of the wooden plate on which the cake stands 
| have fixed in some ten studs of ivory, about one inch 
long. to facilitate turning round the cake upon the 
stand. The whole is Prench polished, and has a very 
nice appearance when in the shop surmounted by a 
cake. I was rather troubled when I first had the stand 
made, as it did not turn so freely as 1 would like upon 
its pivot, and started to call out for grease. I reme- 
died this by administering a little ordinary blacklead, 
and have had no further trouble with it since. 

Take some of the icing out of the pan upon the spa- | 
tula or spoon and drop it upon the top of the eake 
(Pig. 1). and when you think there is sufficient to cover 
the cake and run away down the sides, proceed to 
smooth it over with a palette Knife (Pig. 2). turning it 
around with your left hand and holding the Knife 

whieh, by the way, must be a long-bladed one) firmly 
in vour right. When you have smoothed it over to 
vour satisfaction, proceed to ice round the side. Take 
some icing apon the point of the palette Knife and | 
spread it around, using up the surplus icing that has 
run over from the top (see Fig. 3); spread around even- 
lv, and when you have got it smooth with the point 
of the palette knife, take off the rough top ridge, and 
then smooth off level with the bottom. It is now com- 
pleted ready for the piping. It wih be noticed that 
the top of the stand is much smaller than the cake. 
Although not absolutely necessary, it is advisable that 
it should be so, as you are better able to lift the cake 
up from the stand than you would be if the plate was 
larger than the cake and vou had to use the palette 
knife to raise it. If vou ever have a cake to ice smaller 
than the plate of the stand, I advise that you raise it 
up ona tin or cake hoop. This will enable you the 


Around the | 


place may be taken by another cake. 

If vou bave not “almond iced ™ the side of the cake, 
it will be necessary to give the side a rough coating 
prior to putting on the finishing coat, and 1 recommend 
that you take all the dry icing that will be found 
around the pan when you beat it up, and serape it 
around the edge very thinly with the palette Knife, 
and then dry it on the oven stock. You must take 
particular care when scraping on this first or rough 
coat that you do not get any cake crumbs into the 


Fig. 1. 


pan of icing, or they may turn up in some unexpected 
and inconvenient place. 

Besides the method for icing over the cake tops de- 
scribed, there is another which | think, if you try. you 
cannot failto appreciate. It is a clean, expeditious 
and certain method, and so simple that the veriest 
novice can accomplish it without the least chance of 
failure. It is shown in Fig. 4 and is as follows: Lay 
the icing on the cake, the sume as shown in Fig. 1, and 
spread it out with a palette knife or spoon ; then take 
a strip of stiff kitchen paper about six inches wide and 
long enough to go about eight inches beyond the cake 
on either side; fold it right down the center without 
a crease and perfectly straight ; take hold of both ends 
with your hands, as shown, and, commencing from the 


| side farthest away from you, hold the paper taut and 


draw it toward you right across the top evenly and 
without a pause ; scrape off the surplus icing that may 
be adhering to the paper, and I think the top of the 
cake, so far as even surface is concerned, will be a rev- 
elation and surprise to many, and I believe we shall 
have no further complaints as to the difficulty of get- 
ting a smooth iced cake. A smooth, glossy surface can 
also be obtained by putting a band of paper around 
the outside of the cake and securing it in position with 
some pegs ora piece of string, then laying the icing 
on much softer, and jarring the cake upon the edge 
of the table until it rans out smooth, then leaving it 
to get dry ; hut where time is of any consequence (and 
when isn't 10%) Unis method is very seldom followed. 


Fie. & 


It is really a relic of the old days when they got plenty 
of time without paying for it; not the case now, by any 
means, as all emplovers of labor are aware. 

Now we will proceed with the decoration. I have 
ehosen a design which will be found simple and very 
easy of accomplishment and uiring only two tubes 
to do it—one a plain pipe (A), the other a star (B). 


before attempting to put on any decoration, as should 
you then happen to make any mistake, it can easily 
¢ rectified by scraping it off, which could not so easily 
be done if the icing was wet. 

Beat up the icing again very firm; there should be 
sufficient left over from icing the cake. Take the bag 
in your left hand, fix on the plain tube, and fill the 
bag with the weil beaten-up cake icing. Now study 
attentively the complete illustration, and you will per- 
ceive there are four designs running around the cake 
independently of the border. As a rule, the border 
would be piped first, but if you are new to the work, 
I woutd advise that you proceed as follows: Take a 
pair of compasses and strike the two circles (5), using 
your judgment as to their relative distance from each 
other, and bearing in mind that you have to form a 


Fig. 1. 


complete design (8), which must not look too wide or 
straggling when completed. Now, with the plain tube 
lay a line of icing around upon the lines struck with 
your compasses, laying it out even and fine. Then 
with the same tube lay on the scrolls, using your judg- 
ment to get them even, both as regards uumbers and 
size (5). Having accomplished that part of the —— 
to your satisfaction, unscrew the plain tube and screw 
on the star. 

Having screwed on the star tube, lay out upon the 
inner circle that you laid on with the plain tabe some 
small shell-like portions overlapping each other and 
apparently in two rows ; lay out one on one side of the 
ring and draw sharp to a point; then lay the second 
one a little behind and on the other side of the plain 

| circle (see No. 6) of icing, covering it up as you proceed 
and going carefully around. keeping the shells as even 
as possible. Now go over the scrolls in the second row 
with the star tabe, elaborating as you proceed, leavin 
off with a smart jerk; then go overthem again wit 
the same tube, and work in the ends from the top of 
the serolls in two rows, as directed for the first circle. 
When vou have filled in all the empty spaces, put a 
short point on to each scroll. Now, with the same 

‘tube lay a rope around upon the third circle, keeping 


Fria. 5. 
lap boldly and even as you go around the circle of plain 
piping you first put on. Now put on a part the 


double serolis of the fourth cirele, beginning at the in- 
side and finishing at the center both ways (7). Go over 
them again, and then commence in the center and fill 
well out till you have covered up the ends ; do the same 
in the other direction. Lay a spot or star in the cen- 
ter (8), and it is complete. It now remains for you to 
put on the border. Lay it out boldly in a rope around 
close to the edge of the cake, and then pipe another 
rope around upon the side close to the top, and then 
in between the two ropes lay a row of sheils (see 8). 
This completes the border as illustrated. Now take off 
the star tube and put the plain one on. and go all 
around the side of the cake with a continuous scroll, 
or rather series of scrolls (9), which go to make up a 
| very nice running pattern. Use your judgment in lay- 
|ing on the serolis, so that you have them all of equal 
length and the same size, if possible. When you have 
been all around and bave put the design on te your 
satisfaction, take off the plain tube and put on the star 
tube again. ang out from the tube the upper part of 
the seroll. Go all around the cake with this first, and 
then start in from first point and go to the center 
again, which is in the opposite direction; and when 
you have done this, lay on something of a leaf as a 
j point to the scroll ; then the same again, but the other 
way, and put a star in the center. When you have 
laid another rope a the bottom edge of your 
cake. it is complete. 

It is usual to mount the cake upon a round of board, 
sheet of cardboard or similar substance, or a silver- 
| plated cake stand ; so, in order to fix the cake to the 
‘beard, you can place the cake upon it before layi 
around the rope at the bottom and then pipe it arouad. 
| partly upon the cake and partly on the stand. and 
| then ys the stand, but sideways, lay a row of shells. 
, This will keep the cake in position and make a really 
first class finish. The center is left bare to enable 
to put on a vase of flowers, Cupids, etc., as desi 
British Baker and Confectioner. 


Way We ark American 
fessor who has madea study of children says be 
discovered why the majority of are right- 


right 


handed. Infants use both hands until thev in to 
try to k. motor speech function controls the 
de of the body, and the first right-handed 


would advise young beginners and those who are) motions are expressive motions, tending to help out 
strange to the work, to thoroughly dry the iced cake speech. As speech grows, so does right-handedness. 
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VESUVIUS IN ERUPTION. 


A CORRESPONDENT OF THE SCIENTIFIC AMERICAN 
VISITS THE VOLCANO 


THE telegraph has probably reported in America 
that Vesuvius is now in a state of eruption. It is 
stated here that the voleano has not been in so active 
a condition for ten vears as now. Our first sight of it, 
as we approached Naples. showed us that it was smok 
ing. The second evening we were bere we saw dis- 
tinetly from our hotel the bright light mount in what 
looked like bursts of flame, from amid the cloud of 
constantly rising vapor 

Today we have made the ascent. This is nowa 
comfortable trip, lacking both the elements of adven 
ture and extreme fatigue which accompanied the as 
cent when it was made on horseback and on foot, and 
the visitor was likely to be set upon by men who were 
not far removed from brigands. Messrs. Thomas Cook 
& Sons have changed all this. We took a carriage at 
their office this morning at half past seven for the vol 
cano, The distance to the foot of the cone, where the 
funicular railroad begins, is fifteen miles. The first part 
of the journey lies through the dirty streets which are 
not far from the Mediterranean shore. The people, 


young and old, who were upon the street looked just as | 


wretched and dirty as those we had seen in other streets 
in the late afternoon. Begyars with blind eyes and de- 
formities calculated to excite sympathy were awaiting 
our passing. As wedrove through Porticia, a suburb of 


Naples, between which and the city there is no visible | 


boundary, we found the street wider; and through 
the openings of buildings fronting it we had glimpses 
into beautiful grounds lving about villas close on the 
sea, Just beyond this village is Resina, built upon the 


site of ancient Herculaneum. This offers no special | 


interest ; a crowd of little ragamuffins did their best 
to make us remember the place and them by keeping 
beside our carriage for a long distance, turning somer 
saults and teasing for money From bere the light 
colored blocks of lava, which are the’ pavement 
throughout Naples, give place to a lava road worn 
into dust, but smooth and well graded. It is narrow, 
and has a lava wall on both sides, bevond which we 
saw vineyards with good sized clusters of grapes and 
trees heavily loaded with ripening apricots. Soon we 
were high enough to be beside a wide lava stream. It 
had brought blight to fields as verdant as those we 
‘had just passed. As we zigzaged up the mountain 
side the vegetation was less, but great bunches of a 
brilliant yellow fragrant flower, a variety of lupin, 
brightened the view which the widening stretches of 
lava began to make somber. We passed, here and 
there, poor little houses, and near them we noticed 
tiny patches of corn and potatoes, growing in what 
looked like an ash heap we met a donkey and a few 
men carrying on their backs immense loads of small 
green chestnuts, boughs, leaves and all, which they 
were taking down for fuel. About two hours and a 
half up the mountain we stopped at a little restaurant 
for ten minutes’ rest From here we had a glorious 
view of Naples and the bay. From this point the lava 
fields widen in extent. Men who had joined our car 
riage to give us information, flowers and stolen fruit, 


|as we afterward learned (in return for which they |say, we were still to see some vegetation, for, like an 
j|hoped for centessimé,, told as what lava had been/oasis in a desert, we came upon a little place where 
ejected in ISM4, what in 1872, ete. It is not safe tojare beautiful chestnut trees loaded with blossoms. 
quote them asto locality or date, but the lava was /| Here, too, are the fragrant yellow flowers. and close to 
now all about us. No deseription which | have ever| the roadside, as if growing mm an old-fashioned New 
read has given me a correct idea of its appearance or| England garden, are bunches of pink mourning brides. 
extent. It is grayish black; there are immense'I have not mentioned the pomegranates, with their 


THE VESUVIUS OBSERVATORY. 


mounds, their sides in wavy masses; great serpent-! large rich red blossoms, and the mulberries, with fruit 
like coils are heaped upon each other ; in places great | already red, which we had passed on the lower levels. 
jagwed masses look as if they had been burst asunder ;/ But by half past eleven these and everything green 
again, long continuous streams are in sight, reminding | were far below us; on every hand was lava—bare, 
one more of a glacier than of anything else; in fact, | fire riven, porous on top, but lighter in color and 
strongiy resembling a glacier in every respect except | denser in texture where it lay in such position as to 
the eolor, But how shall | deseribe its extent? It|show a number of feet in thickness. Above us, on the 
| Stretched below us; it was on every side; it reached | right, the green sides of Somma, the old crater from 
above us until the clouds hid it. And yet, strange tol which the eruption in A. D. 79 proceeded, were now 


THE RAILWAY UP THE VOLCANO OF MOUNT VESUVIUS 
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clear. From Naples it is not clearly distinguishable | 


from Vesuvius, but from our present altitude we saw 
distinetly its jagged edge and how wide a gulf lies be- 
tween it and the modern cone. And this cone— Vesu- 
vius itself—now almost cloud-free, loomed above us— 
dark, stupendous. The observatory is picturesquely 
situated near the foot of the cone. The building is 
red and adds to the interest of the picture to be had 
both from above and below it. It was almost de 
stroyed in the eruption of 1872, but has been rebuilt, 
and has now a rather new appearance. 


GREVILLEA BANKSIL 


THE subject of our illustration is a very handsome 
plant, both in flower and foliage, and is quite one of 
the best of the strong growing Grevilleas. Like most 
of the species, it can be grown without difficulty, and 
probably there is no other more easily grown than 
this. It requires nothing more than ordinary green 
house treatment, using by preference a loamy sub- 
stantial soil, and not forgetting the good drainage 
which is more or less necessary for the whole of the 


At twenty minutes past twelve, almost five hours! Proteacee. The specimen here illustrated was cut 


PASSENGER CAR, MOUNT VESUVIUS RAILWAY. 


after we started, we had reached the base of the cone 
and the place where the funicular road begins. This 
road has been in operation for fifteen years ; for the last 
five years it has been owned and managed by Messrs. 
Cook & Ce. It consists of two rails raised about 18 
inches above the level of the lava bed upon which the 
sleepers are placed, their greatest inclination being 68, 
their least, 40. Tbe lower station, where the engine 
is, stands 2,583 feet above sea level. An endless twisted 
wire cable draws up one car as the other comes down. 
A wheel under the middle of the car runs upon one 
rail, and two other wheels, attached to its underside, 
run upon rails placed near the base of each side of the 
wooden support of the middle rail. The motion is 
steady, and though the cable has sometimes broken, 
the ear has not left its place and no one has been in- 
jured Still the ascent is so steep that one cannot 

elp feeling some timidity in entering the car. Ten 
persons can be carried up at once. The car is open at 
the sides, so that the progress of the journey and the 


widening outlook can be watched for the whole dis- | 


tance. The little station at the upper end of the road 
is 3.885 feet above the sea. The air was pleasantly 
cool as we rose, and rare enough to make my voice 
sound unnatural to myself. Leaving the car, a guide 
was assigned to each party of passengers and we be- 
gan the ascent of the remaining 150 vards to the top 
of the crater. To mountain climbers this is nothing, 
of course. The path is wide enough for two to walk 
abreast, and the pulverized lava is hardly ankle deep 
anywhere; in some places it offers no obstruction. 
The zigzags are so long as not to be steep, but breath- 
ing was not easy for some of us, and the pressure on 
the head not agreeable. The extent of space near the 
top of the sloping cone is a surprise: the little fum- 
aroles are very numerous all about. The steam escap- 
ing from them is enough to make the lava at their 
base very hot. Thin incrustations of sulphur are 
numerous enough to give color to the general surface. 
From the point where we stopped to take a general 
view of these conditions we heard very distinctly the 
roar and dash from the interior of the crater. The 
sound Was like that of heavy breakers upon the sea- 


shore. We went close to it, and stood upon the very) 


edge. Such a volume of sulphurous vapor was rising 
that for the first moments we could see nothing else ; 
but soon it was less, and we caught sight of the yel- 
low walls and painted masses of lava which stand 
within the crater around the inner cone, where is the 
present chief center of activity. The sound of the 
surging below was terrifying. The volume of steam 
which came up had in it brownish red, flake-like pieces 
of lava. Men ran down the sides into the crater to 
bring up hot lava to show us: Though the guides as- 
sured us there was no danger in standing on the 
edge of this hundred feet wide hole, it was too 
fearful a spectacle for us to want to linger long. 
Near the crater we had a yiew of an interesting 
erack, the walls of which were flame color, and from 
them stifling blasts of sulphur were coming. There 
is another smaller and older vent than the one I have 
deseribed ; from this a less volume of steam was pour- 
ing. It is difficult to conceive of a scene of more abso- 
lute desolation than that presented by the sides and 
top of the cone. The only life upon it is that lived by 


some red insects, resembling in form and color the or-| 


dinary ladybug, but about three times their usual size. 

These bugs crawl and fly and are numerous enough on 

some loose pieces of lava to give them a Sa 
A. D. 


pearance. 
Naples, July 10, 1894. 


THERE is a ripe side to the orange as well as to the 
peach. The stem half of the orange is usually not so 
sweet and juicy as the other half, not because it re- 
ceives less sunshine, but because the juice gravitates 
to the lower half, as the orange hangs below its stem. 


from a robust young tree, growing in the temperate 
house of the Botanic Gardens at Cambridge. It is 
not quite five feet in height, and has been grown from 
seed received from Brisbane about seven years ago. 
No doubt it could have grown to a greater height in 
the time, but the cutting back to which it has been 
subjected shows that it will bear the process and still 
flower freely. Grevillea Banksii is described by Meis- 
ner as an elegant tree, and the term is evidently cor- 
rect. The young stems are covered with a thin 
brownish felt ; the somewhat Lomatia-like leaves are 
from ten inches to a foot long, pinnately divided into 
about five pairs of narrowly lanceolate divisions, above 
deep green, and below quite white, with fine adpressed 
hairs. The flowers are produced in dense terminal 
racemes, or in the case of stronger branches, several of 
these racemes gather in a panicle, each raceme in 
either case being four or five inches long. The cylin- 
drieal calyx is not quite three-quarters of an inch long, 
but with the long red style the flower attains neoaly 


GREVILLEA BANKSII-GREENHOUSE SHRUB, FLOWERS ROSE COLORED. 


two inches in length. The outside of the calyx is 
covered with white hairs, the effect of which is to tone 
the scarlet, or red, of the rest of the flower. The 
flowers produce a quantity of nectar, which wust pro- 
vide a plenteous food for certain birds, or whatever 
the agent may be that performs the office of cross 
pollenation. Judging from the meager information 
in Muller’s * Fertilization of Flowers,” our Australian 
friends, and others who have the opportunity of ob- 
serving the Proteacew, would do good service by re- 
cording the agents and methods of cross pollenation 
in the order. In this particular case, some agent has, 
=> been at work by which there are now a num- 
| ber of green fruit. They are compressed, ovate, and 
| turned to one side, still bearing the style, which evi- 
dently intends to persist as a beak. hese fruits are 
covered with short white secreting hairs, which cause 
slight viscidity.—R. J. L., in The Gardeners’ Chronicle. 


CACAO (THEOBROMA CACAO) IN THE 
SIERRA NEVADA, COLOMBIA. 


AN important report has been published by the 
Foreign Office under the title of a “ Report on the Cul- 
tivation of Cacao, Bananas, and India Rubber in the 
Districts Surrounding the Sierra Nevada of Santa 
Marta.” The report in question was furnished to the 
British consul at Bogota, and was drawn up by Mr. 
Thomson, who at one time was superintendent of the 
Botanical Gardens in Jamaica. Commenting on Mr. 
Thomson's report, the consul remarks that, in view of 
the liberal laws concerning unoceupied lands, it is 
probable that a company with a moderate capital 
could find advantageous investments in the district 
dealt with by Mr. Thomson, where in many places, 
side by side with the cultures referred to, cattle could 
profitably be bred for exportation to the West India 
islands. The climate in the cacao-growing districts is 
undoubtedly not suitable for northern European labor; 
but there is nothing in the immigration laws to pre- 
vent a company from introducing southern European 
or negro labor. On the slopes of the mountains, where 
the coffee plant flourishes, the climateis healthy, and 
neem might be so selected as to enable the 
Luropean superintendents to build their houses above 
the sultry plains, in an agreeable and healthy atmo- 
sphere. 

Mr. Thomson started from the seaport town of Rio 
Hacha, at the village of Dibulla. Along and in close 
wroximity to the beach the vegetation consists to a 
‘large extent of cacti and dwarf thorny leguminous 
trees, which latter at the end of the dry season are 
| mostly devoid of foliage. The direction of Dibullais 
almost due west, and the distance about thirty miles. 
From Rio Hacha a large plain extends some thirty 
miles toward the eastern extremity of the Sierra 
Nevada. The western extension of thir plain, bound- 
led by the Caribbean Sea and the Sierra Nevada, grad- 
jually diminishes in width to some five miles as it 
| approaches Dil ulla, and this construction of the plain 
coincides with the rapid ascent of this system of 
mountains, that is, from a few hundred feet at its 
eastern limits to the magnificent summits near Dibulla 
covered with rpetual snow. Still further west ward 
this narrow A wi. extends, with the exception of sev- 
eral transverse ridges, about forty miles toward Santa 
Marta, where the ramifications of steep mountains 
project into the sea. The broad Rio Hacha plain, ex- 
cepting on the lands within a few miles of the moun- 
| tains, is a comparatively arid region, having a scrubby, 
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Throughout this nian, it may 

four thousand tons of divi-divi. the 
pinia coriaria, are collected annually 
besides as much more left on the grounds to 
grows wild in great 
henequen (Agare 


parched vegetation 
be mentioned 
peo of 
for es<port 
rot (in this plain another plant 
profusion (many tmillions) namely, 
rigtida) 

From Diballa, 
(Cordillera, the plain 
It is covered with forest 


the seaside, to the base of the 
vwcends to about 150 to 300 feet 
us are the slopes of the moun 


on 


tains up to 8.000 and 10.000 feet, the exception being 
some considerable clearings between 3.000 and 8.000 
feet in the Arauja Lodian district. “ In close proximity 
to the sea the soil is larwely composed of sand, but on 


a tile therefrom, a deep, loamy soil, on a flat, 
affords a congenial site for a magnificent 
forest of palms, an impressive scene of tropical luxu 
nance From these parlius tothe foot of the hills the 
forest consists chiefly of huge evowenous trees, grow 

ing somewhat widely apart for a tropical forest, to 
gether with an exceptionally thick undergrowth. 
Many rivers, and innumerable quebradas, or ravines 
connected therewith the plain. Here, the 
soil, over which a blue limestone abounds, is extremely 
rich and fertile. It was here, about two miles from the 
base of the bills, that I first observed the cacao tree 

The important fact with regard to those trees is, that 
they are of spontane growth, and, therefore, wild 
cacao, the original Theohroma cacao. Still nearer the 
hills | found the tree dispersed on all sides.” 

At another point some half dozen miles west ward, 
while crossing the pl tin in the direction of the highest 
summits of the Sierra Nevada, Mr. Thomson found 
this wild cacao to be a predominating or characteristic 
plant of the forest undergrowth. A zone of cacao was 
traversed, not less than eight miles wide, thus distrib 
uted the plain as well as on the lower slopes of 
the numerous spurs of the mountains, ranging from 
800 to 1.300 feet above the level At Don Diego, 
and still further to the west, a distance of about 40 
miles from Dibulla, cacao is found in the forest under 
precisely the same conditions as those described ; and 

ia stated that all along the base of the Cordillera to 
lrienta, where the eastern extension of the Sierra Ne 
disappears, cacao equally abounds—thus a contin 
uous distribution, from beyond Don 


receding 
swampy belt 


cross tom) 


us 


| 


Diego to Trienta, 


of about 100 miles. This great cacao zone is entirely 
uninhabited, and the lands, though obtainable for a 
few reals (about 21.) per heetare, are unsought for, 


Moreover, the ex 
attention 


their value being wholly unkuown 
istence of wild crea seems to have escaped 
Under the dense shade of the wreat forest trees, SO feet 
high, with trunks five and six feet in diameter, the 
cacao presents an aspect totally unlike its cultivated 
The matured ercao trees attain a height of 
from % to 45 feet. with slender trunks devoid of 
branches to within a few feet of the top, and these 
trunks are as straight as those of a palm tree. All the 
pods or fruits, with few exeeptions, are borne among 
the sparsely folinged branches at the summit. Besides 
the full- others exist in all stages of growth, 
hundreds being heetare of land. The 
excessive shade has imparted a weird and ill-propor 
tioned appearance to these frees, many of whieh, 
drawn up toward the wleams of light, are not thicker 
than a walking stick, though W feet high Not only 
have these cacao trees to struggle under the unpropi 


congener 


grown Crees 
scattered over a 


tious shade of gigantic trees, but thev have also to 
contend with numerous minor rivals—an aggregation 


of species which constitute a tropical undergrowth. 
The productive capacity of these trees is very variable ; 
some more favorably situated vield as much as 10 
pouteds and 12 pounds of cured cacao, but the great ma 
jority vield insignificant returns, Lt is to be regretted 
that trees with good crops of fruit are very frequently 
eut down, this being the easiest means of securing the 
crop. Among the cacao trees there no variation 
whatever in the general form and size of the fruit. 
The predominating color is yellow, though pods of a 
reddish hue are not uncommon It interesting to 
note that the seeds on seetion are perfectly white. All 
are undoubtedly one true specific type, a fact of great 
interest to cacao planters, for apart from the advan- 
tages of identity in the process of fermentation, new 
varieties must eventually evolve either by variation or 
by cross fertilization, Several attempts have been 
made to bring these wild trees to a state of cultivation. 
The first efforts in this direction are said to have origi 
nated at La Loma many years ago. This attempted 
eultivation has been contined to the removal of the 
thiek undergrowth which surrounds the cacao tree, 
and afterward, at intervals of a vear or more, to eut- 
ting down the weeds that spring up. The result of 
these operations, though effecting some improvement 
in tne production of fruit, cannot be considered satis- 
factory, for the great obstacle to the development of 
the plant, namely, excessive shade, remains intact. 
However, by the operations in question, some relief 
has followed, but the advautawe gained is immaterial, 
when it is remembered that 11.00) full grown trees 
yield only 1,200 pounds of cacao per annum. Though 
some of these trees vield excellent results, the great 
majority of them are practically non-productive. 

At a distance of about two miles from La Loma, an 
industrious Frenchman has taken up the reclamation 
of the wild cacao on the Sacnadntel on that property. 
He has during two vears cleared the undergrowth over 
more than 100 hectares, leaving the large forest trees: 
thus the cacao trees, which formed a part of this un 
dergrowth, have been carefully preserved, and, more- 
over, one or two experiments are being initiated, such 
as supplying vacancies when the wild cacao plants were 
wanting, and topping trees of moderate size, in order 
to induce them to branch at a convenient height. Not- 
withstanding these trials, it seems impossible to con- 
ceive trees, which have emerved from the condition of 
forest life. accommodating themselves to the changed 
habits requisite to bring them into a state of remuner- 
ative sueductioonanl as is the case with systematically 
eultivated cacao, for cultivated trees from the outset 
are made to flourish. Oa the prospects of this under 
taking, Mr. Thomson suggested the destruction of 
some of the lange forest trees at given intervals, so as 
to command more light. With a more abundant ad- 
mission of light, no doubt some benefit would accrue, 
but the advantages attendant upon the establishment 
of scientifically formed plantations would far outweigh 
that derived from such partial improvements, It is 
well known that cacao under cultivation is a shade- 


Is 


Is 


loving plant, in many instances, 
tion from the sun not absolutely necessary ; a me 
dium, well-regulated shade is what the cacao planter 
should carefully establish. In Trinidad, whenee more 
than 20,000,000 poun s of cacao are exported annually, 
two species of the genus Arythrina are emploved for 
this purpose. These are planted widely apart among 
the cacao trees, and answer the purpose well. In ad 
dition to the attempts at cultivation already referred 
to, similar trials are being made ona considerable scale 
at Don Diego and in other parts. 

The form of the pod, besides being smaller. is quite 
distinet from the more elongated types of eriod/o and 
forestero, the most prized varieties under cultivation in 
Trinidad and Venezuela. Though the pods in the wild 
type are considerably sinalier than those of the best 
eultivated forms, itis noteworthy that in the former 
the seeds are longer, and the pods more economically 
filled; thus, 10 to LL pods vield | pound of cured cacao. 
This result will be best exemplified by the following 
comparison with Trinidad cacao : 

Aceording to a treatise on cacao cultivation and 
euring recently issued by the Botanical Department of 
Trinidad, the entire contents (seeds. pulp, ete.) within 
the forestero pod, as cultivated in that island. when 
weighed, amount to just about four ounces, and the 
pulp surrounding the seed, with the placeuta, weighs 
nearly the same as the cleaned kernel. Thus in the 
Trinidad paul the seeds weighed two ounces, whereas, 
the wild cacao seeds, similarly divested of the extra 
neous natter, weighed three ounces, the waste matter 
surrounding the seeds being considerably less than 
that appertaining to the Trinidad seeds. We have 
then in the wild cacao not only smaller pods, but also an 
enhanced productive capacity Besides, the superflu 
ous pulp in the cultivated varieties is a source of in- 
convenience to the plants. The pulp cannot be re 
moved by washing before fermentation. and even after 
the decomposition caused by fermentation it is some- 
what bad to remove. Under the favorable circum 
stances referred to, namely, stualler pods, and these 
more econotnically filled consequent on the diminution 
of the waste matter, the wild plant, not only on prac 
tieal grounds, but also on physiological principles, is 
eapable of vielding larger crops than are obtained 
from the varieties in cultivation. Hence the impor- 
tance of the propagation and establishment of planta- 
tions of this the original type 

In Trinidad and other cacao growing countries great 
importance is attached to fermentation, as this opera- 
tion imparts the requisite color and consistence to the 
article. Ono the other hand, the method of curing the 
insignificant crops gathered on the plains of the Sierra 
Nevada is primitive in the extreme. Sometimes the 
pods (unopened) are simply put to dry in the shade 
until the seeds become fit for use ; sometimes the seeds 
are wrapped in large leaves for a week and then dried 
in the sun; and sometimes the seeds, when extracted 
from the pods, are placed in a barrel for three days and 
then dried, the barrel containing the cacao being placed 
under a roof without side walls. Notwithstanding the 
elaborate processes which prevail in Trinidad, where 
special houses and compartments are deemed necessary, 
the wild cacao, as has been demonstrated by frequent 
exports of several quintals, holds its ground, for it was 
in the Paris market with the best Caracas 


classed 
brands, 

Trinidad holds the first position among British col 
onies with regard to cacao production; but recently 
Ceylon has stolen amareh upon the West Indian colony 
by the realization of far higher prices, brought about 


partly by excessive washing and consequently thor- 
ough rewoval of the pulp—a method. however, that 
reduces considerably the weight of the produce—and 
partly by propagating exclusively from one to two 


well-defined forms. Anyhow, a difference of 30 per 
cent. in favor of the Ceylon produce is a remarkable 
event. The Trinidad planter is not insensible to this 
achievement on the part of his colonial brother in the 
East ; hence strenuous efforts are being made to im- 
prove the quality of this the greatest industry of the 
island. Lands for cacao cultivation in Ceylon are not 
available to any great extent, but it is no exaggeration 
to say that, if the lands occupied by the wild cacao at 
the Sierra Nevada were obtainable in that colony, such 
lands would be bought at once for more than $100 
per hectare, about £8 at the present exchange. 

The treatise on cacao above referred to says of Trini- 
dad: “If land can be found on the banks of astream 
or river, where there is considerable depth of alluvial 
deposit, such a position, if capable of being well 
drained, is a true source of wealth to the cacao plant- 
er.” This is tantamount to saying that such ideal 
sites do not abouad. How infinitely superior are the 
innumerable sites for plantations at the foot of the 
Sierra Nevada, sites which nature has disclosed ! 

In former reports by Mr. Thomson, published by the 
Colombian government, he strongly advocated the in- 
troduction of cacao seeds from Trinidad, with the view 
of ameliorating the degenerated plantations of the inte- 
rior. The result of his excursion, he says, completely 
nullified his former impressions as to the advisability 
of importing these seeds. Now the conditions are re- 
versed. the wild cacao being, par excellence, the kind 
for cultivation throughout the republic. He further 
says: “In those countries in which this product has 
become a staple, the vield per tree hardly averages 1's 
pounds. With our wild cacao I feel sure that under 
eareful cultivation the average can be doubled, though 
in making an estimate of returns I prefer to curtail 
this prospective average. The cacao planters of Toli- 
ma, where millions of pounds are cropped, annually 
obtain an average of little more than half pound per 
tree. Hence the replanting of the degenerated fields 
of the interior, as well as the extension of this cultiva- 
tion with seeds from the Sierra Nevada, is a measure 
the importance of which cannot be overrated. Ar- 
rangements could be made for the acquisition of these 
precious seeds on a large scale. 

‘During my sojourn on the Sierra Nevada.” Mr. 
Thomson continues, ‘I visited a cultivated field over 
which a few trees of the wild type were under cultiva- 
tion. These are old trees growing at the considerable 
altitude of 3,100 feet above the sea, and they are fully 
exposed to the sun. The owner assured me that he 
frequently obtains a crop of 12 pounds of cured cacao 
from one tree. Unlike their congeners in the forest, 
the cultivated plants are well furnished with branches 


from the Jower part of the trunks. The cacao planter 


at the coast direets his attention exclusively to the 
production of this commodity for export, while the 
eacao planter of Tolima and other interior provinces 
finds a ready market on the spot, in consequence of the 
large domestic consumption The latter planter, in- 
deed, commands an abnormally high price owing to 
the supply not adequately meeting the demand ; thus 
prices actually rule higher than in Europe. The plant- 
er at the coast. however, possesses the great advantage 
of cheap transport to the markets of Earope—an ad- 


vantage equivalent to about 5s. per arroba. or 25 pounds. 
‘From the foregoing observations, it will be seen 
that wy convictions are in no way favorable to the 


irregular and ungeoial attempts at cultivation being 
pursned with the wild cacao in the forest. No doubt 
some improvement could be effeeted by cutting down 
large forest trees at given intervals, but even in this 
ease Leannot anticipate results at all comparable to 
those obtained from well devised practical methods in 
volving the clearance of the entire forest, so as to form 
new plantations, and this, too, not with the natural 
seedlings of the forest, but with specially propagated 
plants from the wild stock.” 

The question of selecting a tree to afford shade to 
the cacao plantations is extremely important. In the 
earlier stages of the plantations, maize, bananas, ete., 
suffice for shade. Later on, a tree of rapid growth, 
with a semi-umbrageous habit, is required. In Co 
lowbia there are various species of indigenous caucho 
or rubber trees which merit the attention of cacao 
planters. .A valuable species easily propagated is said 
to grow on the banks of the Rio Sinu This, as well 
as other kinds of caucho, should be tried. The Zarapia. 
or Tonquin bean (| Dipteryx odorata), indigenous in the 
anos, tis another tree worthy of attention. The estab 
lishment of economic shade trees, destined to yield im 
portant subsidiary crops, is a watter of the utmost 
consequence to the progressive development of the 
cacao enterprise in this country 

Reference has been made to the cultivation of cacao 

in conjunction or intermixed with the banana. This 
latter con now become an established industry at Rio 
Frio, where the plantations are being constantly ex- 
tended with commendable enthusiasm. Though the 
industry is in its initial stage, a steamship is dispatched 
fortnightly from Santa Marta with a full cargo, com- 
prising from 13,000 to 15,000 bunches The plantations 
present a most luxuriant aspect, the result of admirable 
cultivation, a cultivation in which irrigation plays an 
important part. Throughout hundreds of hectares of 
these plantations cacao has been planted contempora- 
neously with the banana, The overpowering growth 
of the latter. however, has checked, to some extent, its 
less exuberant companion, which has, consequently, 
suffered. Besides, in the hurry of cropping the ba 
nana, cutting them down, ete. the cacao often 
injured. The progress made by much of this cacao in 
the course of four vears is hardly greater than should 
be attained in two vears were the plant under con 
genial circumstances. As a means of alleviating the 
eacao, the plants should be established im nurseries, 
and then transplanted several times, until they become 
vigorous and several feet high, at which stage they 
ean be safely transferred to the plantation ; also, for 
the general welfare of the cacao, it recommended 
that the bananas be set at greater distances apart, so 
as to insure more adequate light and free circulation of 
air 

It will thus be seen that the establishment of the 
two products conjointly presents some difficu.ties ; 
both are planted equidistantly. At Rio Frio a moditi- 
cation of the present system would, no doubt, prove a 
preventive to the injury sustained by the young cacao 
tree; at the same time it must not be assumed that 
cacao will flourish with its wonted vigor when culti 
vated conjointly with a plant that is in some degree 
antagonistic ; in other words, the cacao is suppressed 
in the shadow of a stately mass of great banana leaves. 
On this account, probably, the cultivation of the ba 
nana among cacao should be limited to three years. 


is 
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ANALYSIS OF FRESH FIGS. 
THE growing importance of the fig industry in 


California demanded that special attention should be 
directed to the manurial requirements of the fig tree, 
especially in its fruit production, and also to the 
chemical composition of the fig as an article of human 
food. Accordingly, Messrs. M. E. Jaffa and G. E. 
Colby, the chemists of the horticultural department of 
the Californian station, have carefully investigated 
the question. 

For this purpose eleven of the most important va- 
rieties of the crop of 1892 were selected and chennically 
examined. These included the varieties : White Adri- 
atic, Smyrna, California Black, Hirtu du Japon, Con- 
stantine, Du Roi, Dorée Narbus, Pasteli@re, and Bruns- 
wick. 

The following tables give the average results of the 
physical and chemical examination of these varieties : 


Average of 


Composition of Fresh Figs Eleven Analyses 


Physical Analysas Grains 
Average weight of the fruits ............ 37 70 
Number of fruits to the pound .. ........ 475 
Percentage of juice in the fruit..... ..... 74°35 
Percentage of pulp in the fruit........... 25°65 

Chemical Analysis Per cent. 
Sugar in the expressed juice 21°42 
Sugar in the fresh fruit. ee = 15°73 
Acidity of the juice . o14 
Nitrogen in the whole fresh fruit _ 020 
Albuminoids in the whole fresh fruit.. | 1°25 
Ash in the whole fresh fruit. 0-62 
Water in the whole fresh fruit S14 
Dry substance in the whole fresh fruit 18°16 


The juiciest fruit was the White Adriatic, whic ‘h had 
over 8 per cent. of juice, against 74 per cent. shown in 
the average. The driest sample was that of the 
Smyrna, containing but per cent. of juice. 

In the whole fruit the highest sugar was found in 
White Adriatic ; however, the juice of one Smyrna 
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variety showed 299 per cent. of sugar, which, when 
referred to the fresh fruit, is still over 1 per cent. less 
than that of the white Adriatic, or as 192 to W 45 per 
cent. Dorée Narbus and Constantine, with respect- 
ively 274 and 2414 per cent. sugar in their juice, 
show, on account of their dry flesh, much less sugar 
in whole fruit than either of the Adriaties. Another 
Smyrna variety showed the lowest sugar percentage. 
amounting to but eight parts in the hundred of whole 
fruit, about 45 per cent. less than the California 
Black, which gave 12:4 per cent. 

The acidity of fresh figs seems to be very mach lower 
than that found in any other fruits. 

Ip» regard to the nutritive value of figs as an article 
of food, it may be stated that the fig rates first in 
flesh-forming materials among Californian fruits; apri- 
cots and plums second ; prunes and oranges third. 

(The writer has recent evidence of the great value of 
fresh figs as an article of human food in a case of ex- 
treme prostration. ) 

The following table shows the mineral constituents 
of the fig fruit, and the consequent requirements of 
the tree upon the available mineral resources of the 
soil: 


Percentage Ash Constituents of the Fig. Mi ad Smyrna. 
Per cent Per cent 
Phosphoric acid. ...... ..... 11°07 11 2 
Sulpharie acid............ 475 Ae 


As to nitrogen, the investigation showed that among 
Californian fruits the fig, on the whole, extracts de- 
cidedly the largest amount of this element from the 
soil, and, therefore, it is but a truism to assert that 
the growing plané must have within its reaeh a suffi 
ciency of nitrogen to maintain health, vigor, and pro- 
ductiveness. 

With the exception of the grape, the analysis shows 
that the fig draws rather more heavily upon the min- 
eral ingredients of the soil, that will need to be re- 
placed by careful manuring, than do any of the Cali- 
fornian fruits yet examined. 

In the ashes of the fig, as in the prune. apricot, 
orange, and lemon, the constituent potash is found to 
be the leading element, amounting to about three- 
fifths of the whole ash. 

The fig. like the lemon, appears to range a little be- 
low the other fruits in its requirement of ny eg 
acid, for we find the composition of the fruit ash to 
stand in the following order in their phosphoric acid 
percentages, namely: prunes, 141; apricots, 13°1; 
oranges, 12°4; lemons and figs, 11-1. 

To sum up, it may be stated that the fig requires a 
soil very rich in food material. It is also advantageous 
for the vitality and fruit bearing capacity of the fiz 
tree to have even the lower layers of the soil abund- 
antly supplied with soluble nutrients, so that the roots 
penetrating into the subsoil can be well nourished 
and made to develop vigorously.—J. J. Willis, Harpen- 
den, in the Gardeners’ Chronicle. 


TYPES OF FLORAL STRUCTURE. 
By the Rev. ALEx. 8S. Witson, M.A., B.Se. 

A FLOWER commonly consists of organs of four dif- 
ferent kinds, arranged in concentric cireles or whorls. 
The order in which these organs occur is always the 
same relatively to the center of the flower. The car- 
pels forming the gyn@cium are most central; next 
come the stamens composing the andrecium ; outside 
of these is the coroila, made up of petals, invested exter- 
nally by the sepals, which collectively constitute the 
ealyx. There is no apparent reason why the carpels 
and stamens should not oecasionally change places, 
and an explanation of this invariable order is still a 
desideratum, 

A second very obvious character of flowers, which 
admits of better explanation, is the prevalence of cer- 
tain numbers among the members composing the dif- 
ferent whorls. There is a constant reeurrence of the 
same number of parts in the different whorls of the 
same flower and in corresponding whorls of different 
flowers. The number five is exceedingly common. 
Thus in the violet, with its five sepals, five petals and 
five stamens, we have an example of a pentamerous 
flower. Three is another favorite number, and of this 
ternary symmetry the iris, with its three sepals, three 
petals, three stamens and three carpels is a good in- 
stance. 

By founding his classification of plants so largely 
upon the number of the floral organs, Linnwus gave 
prominence to this numerical character, and, highly 
artificial though it be, the Linnwan system has the 
merit of recognizing the fundamental importance of 
this feature as an index of natural affinity. 

When we study phyllotaxis, or the modes in which 
leaves are arranged on stems and branches, the reason 
for the prevalence of certain numbers in flowers be- 
comes apparent. Leaves on a plant’s stem are not ar- 
ranged at random, but according to a definite law. A 
very frequent arrangement is the alternate, where they 
are separated by equal spaces or internodes, and so 
placed that a line drawn through the bases of succes- 
sive leaves describes an ascending spiral. This line. 
winding round the stem, is known as the generating 
spiral; the traction of the stem’s circumference whic 
it traverses in passing from one leaf to the next is the 
angular divergence, and the leaf cycle is the portion 
of the generating spiral included between one leaf and 
the next above it in the same vertical line. Angular 
divergence is expressed by such fractions as 49. ‘,, 
*s. fy. ete., where the denominator indicates 
the number of leaves encountered, and the numera- 
tor the number of revolutions round the stem made 
by the generating spiral in completing the eyele—that 
is, iu passing from one leaf to the next above it in the 
same perpendicular line, 


| Frequently, though not always, the angular diver- 
|g~enee is the same for the stem and branches of the 
)same plant; it is generally constant for the same spe- 
|cies, and may even be characteristic of genera and 
natural orders. A common case is where the leaves 
are separated from each other by one-third of the cir- 
cumference of the stem: the angular divergence in 
this case is 4;, and the cycle includes three leaves. A 
still more frequent arrangement gives an angular di- 
vergence of } with five leaves and two turns of the gen- 
erating spiral to the evele. Many P ants, again, pro- 
duce their leaves in pairs, one on each side of the stem ; 
since the vertical planes of the successive pairs com- 
monly cut each other at right angles, this arrangement, 
well exemplified in the mint and other Labiata, is de- 
scribed as opposite and decussate. Three, four or more 
leaves springing from the same node constitute a whorl 


or verticil; such a verticillate arrangement is seen in) 


the leaves of the wood-ruff and other Rubiacew. The 
whorling of leaves way be regarded as resulting from 
the suppression of internodes at regular intervals. 
shoot having three leaves placed according to the 4 
arrangement would, if we suppose its internodes to re- 
main undeveloped, give rise to a whorl of three leaves ; 
similarly a shoot, with an angular divergence of j, 
would furnish whorls composed of five leaves, if its in- 
ternodes,were suppressed. Hence it is held that each 
flower whorl represents a compressed leaf cycle, the 
number of its constituent parts depending on the leaf 
arrangement to which it corresponds. The frequency 
of the numbers 3 and 5 among the organs of the flower 
becomes intelligible in view of the prevalence among 
foliage leaves of the } and } arrangements. 

Between phyllotaxis or leaf arrangement and floral 
symmetry there is thus a very close connection, and we 
might therefore be led to expect that they would al- 
ways be in agreement; we might not unnaturally sup- 
pose, for example, that every plant with pentamerous 
flowers should have its leaves arranged on the } plan, 
and vice versa. Although this rule holds good for 
many plants, it is very far from universal, and the nu- 
merous exceptions point to the conclusion that floral 
organs have more frequently retained the ancestral 
phyllotaxis than foliage leaves, which in many cases 
seem to have departed widely from the primitive ar- 
rangement. In other words, the hereditary tendency 
asserts itself much more strongly in the arrangement 
of the floral organs than in that of foliage ; hence the 
importance assigned to the flower in every system of 
classification. 

From cases of reversion like the flowering cherry, 
where the carpels are replaced by ordinary green 
leaves, we learn that a flower is simply an arrested 
branch or leafy shoot having its internodes undevel- 
oped and its leaves modified to subserve the function 
of reproduction. The passage from vascular crypto- 
gams to phanerogams involved, as was shown in a pre- 
vious article (vol. xvii., p. 125), the arrest of certain 
structures belonging to the seed and pollen grain ; it 
now appears that in the formation of the flower we 
have a further illustration of arrested development. 

Excluding the Conifere and their allies, which are 
gymnospermous, all flowering plants have their seeds 
protected by closed carpels, and are on this account 
designated angiosperms. Plants embraced under this 
designation are either monocotyledons or dicot yledons, 
as the two great classes are called into which angio- 
sperms are divided. To which of these classes a plant 
belongs can easily be ascertained from its flowers. 
Each whorl in the flower of a monocotyledon consists 
of three parts, or of a number which is a multiple of 
three. The flower of a dicotyledon, on the other hand, 

|is made up of whorls each commonly composed of five 
parts, or a multiple of five; less frequently, as in the 
fuchsia and wall flower, of four, or a multiple of four. 
Besides this distinction, there is a difference in their 
floral envelopes ; a monocotyledon has the sepals and 
petals alike; thus in the tulip both whorls of the peri- 
anth are colored or petaloid. Dicotyledons, again, 
have the sepals mostly green, the petals alone being 
gayly colored. The two classes are further distinguish- 
ed by the characters of their vegetative organs; mono- 
cotyledons have parallel-veined leaves, endogenous 
stems and endorbizal roots ; the leaves of dicotyledons 
are net veined, their stems exogenous, and their roots 
usually develop in exorhizal fashion. The first leaves 
of the dicotyledonous embrvo arise in a whorl—they 
are the two opposite cotyledons; the subsequently 
formed leaves may arise either in pairs or verticils, but 
far more frequently they follow the } arrangement, 
There is but one cotyledonary leaf on the embryo of 
a monocotyledon ; in succeeding leaves the 4; pbhyllo- 
taxis prevails, though }¢ is not uncommon. 

The persistence of these characters poipts to an ear- 
ly separation of the primitive angiosperms into two 
well-defined groups. their leaves differently 
arranged. Although monocotyledons appear first in 
the geological series, it is by no means certain that 
they represent the earlier type. Pentamerous and 
trimerous flowers may have arisen independently after 
the separation of the two families, but the leaf systems 
they respectively represent should at least admit of 
reference to a commor origin. The opposite and de- 
cussate arrangemeut some botanists, with good reason, 
regard as primary for dicotyledons ; from it the ? and 
all other divergences occurring in this class can easily 
be deduced. The two opposite cotyledons favor this 
view, and the passage from the opposite to the ? ar- 
rangement may be actually observed in the artichoke, 
willow herb and other rapidly-growing plants. The 
1, type does not admit of direct derivation from oppo- 
site leaves, and this Henslow gives as the reason why 
it is never found among the foliage of dicotyledons ; 
the 3-merous symmetry of such exceptional flowers as 
Berberis he regards as due to the breaking up of a 
high continuous spiral into groups of threes. The ly 
arrangement.so characteristic of monocotyledons may 
have come from the opposite type in this indirect 
way, through an ¥, or more complex cycle; but it is 
much more probable that it arose by symmetrical 
decrease. 

A kint of what was, perhaps, the condition in the 
common ancestral form is farnished by the herb paris. 
belonging to a family which has the closest relations 
with the Liliacew. The flowers of Paris quadrifolia 
are 4-merous; its leaves are reticulated and arran 

|in a whorl of four. We have in this undoubted mono- 
cotyledon a combination of monocotyledonous and 


dicotyledonous ith a phyllotaxis 


approximating to what, in all probability, was the 
| primitive type in dicotyledons. It should not be for- 
gotten, however, that in the phyllotaxis of fossii crypt- 
ogams and gymposperms much diversity is found. 

In Diagrams L. and IL. the whorls are shown alter- 
nating; this is their normal position, Now, since 
foliage leaves develop in acropetab succession—that is, 
from below upward—the floral organs ought theoret- 
ieally to do the same; but if they followed the strictiy 
spiral succession, the whorls would not be alternate, 
but superposed. To account for the alternation, we 
must therefore assume that each whorl, as a whole, has 


1. Monocotyledonoes Type. Il. Dicotyledonous Type 


shifted its position, the displacemeut being equivalent 
to the rotation of a floral axis through half the angu- 
lar divergence. The angular divergence itself is ob- 
served to change in some flowers; in aconite, for ex- 
ample, from §~ in the ealyx to} and ¥ in the corolla 
and andrecium. One or two of the Ranunculacem, 
such as Garidella and Helleborus, have the petals su- 
perposed to the sepals in strict accordance with spiral 
»yhyllotaxis, but this is rare in the floral envelopes. 
here the andrewcium consists of numerous stamens, 
these are frequently arranged in a spiral manner, giv- 
ing rise to superposed whorls, The sepals and petals 
of the buttercup arise in alternate whorls, but the sta 
mens and carpels develop in spiral fashion like ordi- 
nary leaves. To this condition the name hemicyelic 
has been given. Inthe water lily order, Nymphacee, 
all parts of the flower follow the spiral order ; this con- 
dition also occurs in the camellia, in the Magnoliacew 
and Calycanthacew, and is approached by several of 
the Ranunculacew. A significant fact in connection 
with the simplicity of the flower of the water lily is the 
circumstance that, nowithstanding its truly dicotyle- 
*donous embryo, the root stock shows the endogenous 
structure of the monocotyledonous stem. 
Considerations like the foregoing make it clear that 
acyclic flowers, or those whose parts form a continuous 
spiral, represent a primitive type, upon which the 
hemicyclic condition of the buttercup is a slight ad- 
vance. The passage from these to the regular alter- 
nating whorls of the encyclic class involves a modifica- 
tion of the phyllotaxis for each succeeding whorl. Un- 
der the term cyclic are included all flowers whose 
arts occur in whorls, but some confusion has arisen 
rom a lax use of the latterterm. Some writers call 
any set of leaf organs a whorl which arise on the same 
horizontal zone of the axis—i. ¢., which are produced 
at the same height, or what amounts to the same 
thing, at equal distances from the growing point ; oth- 
ers restrict the terin to circles in which the parts ap- 
pear simultaneously. Sepals, as a rule, arise in succes- 
sion ; petals, for the most part, simultaneously. The 
ealyx of the rose illustrates this successive character; 
its outermost and oldest sepal has fringes on both its 
edges which are free; so has the second sepal, which 
is placed at an angle of 144 to the first—i. ¢., with a 
divergence of 3. At an equal distance from the second 
stands No. 3. fringed on its outer edge only; No. 4 is 
similar, while No. 5, which completes the cycle, has no 
' fringes, both its edges being overlapped by the other 
sepals, A corresponding order can often be traced 
even in the corolla—in the butterfly blossoms of Lugu- 
minose, for example, the large standard petal begius 
the leaf cycle, one of the keel petals completing it; 
and generally the wstivation of the flower—that is, the 
manner in which its parts are disposed in the bud be- 
fore expansion—admnits of explanation on the prinei- 
ples of phyllotaxis. The two examples just given illus- 
trate respectively the quincuntial and vexiliary modes 
of wstivation. As early stages in the evolution of the 
blossom, then, we have to note: I. The spiral arrange- 
ment of the floral organs. Il. Whorls due to the arrest 
of the internodes of the floral axis. III. Alternation, 
or achange in the orientation of each whorl disturbin 
the spiral order; and IV. Simultaneous whorls with 
synchronous development of parts, which still further 
obscures the original phyllotaxis. — Knowledge. 


RAIN ,MAKING.* 


By FERNANDO SANFORD. Professor of Physics, Leland 
Stanford Junior University. 


I SHALL ask your attention this evening to the 
scientific principles which are involved in the conden- 
sation of atmospheric vapor, and to some of the at- 
tempts which have been made to produce this conden- 
sation by artificial means. 

Since the change from atmospheric vapor to water 
involves a change of the physical state of the same 
substance from a gas to a liquid, it is important that 
we understand clearly the difference bet ween these two 
physical states. 

Both liquids and gases are undoubtedly made of very 
small particles called molecules. In a gas these mole- 
cules are not held together by any force, but each 
molecule is a perfectly independent body, free to move 
in any direction without reference to any other mole- 
cule, except as its motion may be interfered with by 
colliding with another. Under all known conditions 
these gaseous molecules are actually in rapid motion, 
each one woving at its own rate and in itsown path, 
unaffected by any known force except gravitation. 
Each molecule will, accordingly, move ina straight line 
until it collides with another molecule. When two 
molecules collide, their direction of motion will be 
ehanged according to the angle of collision, but on 
account of their high elasticity they rebound with the 
same force with which they collide, and the sum of 
their motions will be practically the same as before. 
Hence, no number of collisions between the molecules 
themselves will ever bring them to rest. 

If confined within solid walls, they strike against 
these walls and rebound from them just as they do 

* A lectare given before the students of the Leland Stanford Junior 
University, March 6, 1804.— Popular Science Monthly. 
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from each other. In doing so each eles ule exerts a 
pressure upon the wall during its time of contact, and 
the sum of these pressures is the whole pressure of the 
was upon the walls of its containing vessel, 

These walls are likewise composed of similar mole- 
ecules, but held together by some unknown force, and 
it is the surface layer of these moleenles which must 
bear the shock of the molecular bombardment of the , 
Accordingly, the molecules of the solid walls, 

while not free to be driven about from one place to 
another, like the gaseous molecules, are nevertheless 
set in vibration; and since they cannot lie as close to- 
gether while in vibration as they could at rest, the 
solid mass of the walls is made to expand. By meas- 
uring the amount of this expansion we can determine 
the energy of the molecular bombardment. By let- 
ting the vibrating molecules of the solid or the gas 
come in contact with the parts of our skin to which 
certain special sense nerves are distributed, we feel 
the sensation of heat, and we are accustomed to say 
that the expansion of the solid or the gas is due to 
heat. The total measure of the energy which any 
mass of matter has on account of the motion of its 
wolecules is determined by the amount of heat—i. «¢., 
molecular motion—which it must give to other bodies 
before its molecules can come to rest. The higher the 
temperature of the mass, the more heat or the more 
molecular motion it has 

The atmosphere is, in general, made up of two dif- 
ferent kinds of molecules. These molecules are, of 
course, very small—so small that no possible magnify- 
ing power can ever bring them into view heir size 
is, in fact, so small as compared with the length of a 
light wave that no image of one could be produced by 
reflected light. Still, there are several independent 
methods of calculating their approximate size, and, 
since these different methods lead to fairly accordant 
results, we may assume that their approximate size is 
known. According to Lord Kelvin’s computation, ifa 
drop of water were magnified to the size of the earth, 
its molecules would become larger than shot and smaller 
than cricket balls, perhaps about the size of marbles. 
They are so close together in the air that the number 
in a enbie inch is represented by the number ten raised 
to the twenty-third power, Being so close together, and 
being at the same timein rapid motion, they must have 
frequent collisions, and, according to Maxwell's caleu- 
lation, a molecule of air at ordinary temperatures would 
have seven or eight hundred thousand millions of col- 
lisions in a second of time. While these figures, both 
for size and number, can convey no definite meaning to 
us, they may aid usin picturing to ourselves the tre- 
mendous agitation which is constantly going on within 
our atmosphere or within the mass of any other gas. 

Within the body of a liquid the conditions are simi- 
lar, except that here the molecules are so close together 
that they cannot be said to have any free path at all, 
and are, accordingly, in a state of perpetual collision 
They are not, as ina solid, beld to any definite posi- 
tion with reference to the surrounding molecules, but 
are hindered by a foree cal'ed cohesion or capillarity 
from escaping from the liquid altogether. What the 
nature of this foree is, is not known, but it is evidently 
a pressure of some kind exerted upon the molecules 
tending to push them closer toyether 

Notwithstanding this force, the molecules of the 
liquid are in rapid vibration, and at the free surface of 
the liquid they are being continually bumped off by 
the molecules below them. When this happens they 
become free gaseous molecules, and move off in straight 
lines under the impulse of the force which set them 
free until they come into collision with other mole- 
cules, 

At the surface of separation between water and air 
the conditions are accordingly as follows: The surface 
layer of water molecules is held down by the force 
ealled cohesion, but the individual molecules of this 
layer are being continually bumped off by the vibra- 
tiona of the molecules below them. Some of these free 
molecules are undoubtedly driven back by the bom- 
bardment of the air molecules above them, so that 
they escape much more slowly into the air than they 
do into a vacuum, but those which once eseape into the 
‘air are Knocked about by the air molecules and by each 
other until they are pretty evenly distributed through- 
out the air. After a time they become so numerous in 
the space above the water that, in their irregular ex- 
cursious bet ween their collisions with other molecules, 
they begin to strike the surface of the water, and then, 
under favorable conditions, they penetrate into the 
liquid and are held fast. This process continues until 
finally as many molecules enter the water as escape 
from its surface, and then, while a constant exchange 
is taking place between the liquid and gaseous mole- 
cules, the average number in the space above the 
liquid remains constant. This spice is then said to be 
saturated with vapor molecules, The numberof mole 
cules required to saturate this space is the same whether 
the space already contains air molecules or not, but, on 
account of the number of water molecules which are 
beaten back by the air molecules, it takes much longer 
for the space to become saturated when it is already 
filled with air than it does when there are no other 
molecules in it. The air molecules, however, hinder 
the vapor molecules from striking the surface of the 

water as often as they prevent them from leaving the 
surface, so they do not influence the total number re- 
quired to produce saturation 

When the point of saturation has been reached, an 
increase of temperature—/. ¢., an increase of the mole- 
eular vibration of the water—causes the molecules to 
be driven off faster than before. It also causes the 
gaseous molecules to strike the surface of the water 
oftener than before. But an increase of temperature 
means a corresponding increase of vibration of all the 
molecules ; and, since there are very many more liquid 
than gaseous molecules in the same volume, the total 
increase of molecular vibration corresponding to a 
given rise of teroperature will be much greater for the 
liquid than for the was, and a correspondingly greater 
number of moleevles will be thrown off at the surface 
of the liquid than vill be returned to it. Accordingly, 
the higher the temperature, the more molecules are 
required to saturate the space above the water. In 
fact, the amount of water vapor required to produce 
saturation of the atmosphere under the conditions 
above mentioned is mare than twice as great at 80 P. 
as at 

On the other hand, lowering the temperature of the 
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liquid and vapor by a like amount lessens the number 
of molecules given off from the liquid surface more 
rapidly than it lewsens the number striking upon the 
surface. Accordingly, we say that raising the tem- 
perature increases evaporation; lowering the tem- 
perature increases condensation. 

Now, it happens that this same foree of cohesion 
may hold water molec wes upon the surface of most 
‘solid bodies as strongly as upon the surface of water 
itself, and in many cases even more strongly. Accord- 
ingly, if a solid body of this kind be placed in the at- 
mosphere, the same exchange of water molecules will 
take place between its surface and the air as between 
a water surface and the air. In fact, as soon as a 
layer of water molecules is formed over its surface, it 
becomes a water surface. Accordingly, if a solid 
particle be placed in an atmosphere saturated with 
water vapor and the temperature be lowered, the 
water molecules will accumulate upon its surface faster 
than they are driven off, and we say that a precipita- 
tion of dew is taking place upon it. The air is accord- 
ingly said to reach its dew point when it reaches its 
point of saturation. 

There are other substances which hold fast in a 
different way the water molecules which strike upon 
their surface. These substances form either chemical 
compounds or solutions with water, and in this way 
remove the water molecules from the places where 
they strike to the interior of the compound or the 
solution. Sulphuric acid is a good example of this 
class of substances. If a vessel of sulphuric acid be 
— in a receiver filled with water vapor, the acid 
1olds fast all the water molecules which strike its sur- 
face, and sends off no other water molecules to replace 
them. Since all the water molecules in the receiver 
willin time come in contact with the acid surface, 
they will ultimately all be held in a liquid form by the 
acid. Aceordingly, a receiver of woist air can be 
changed to dry air by allowing it to stand for a suf- 
ficient length Of time over sulphurie acid. 

There are very many other substances which, like 
sulphurie acid, have the property of condensing the 
water molecules from a space which is not saturated 
with them. Such substances are said to be deli- 
queseent, or to gather moisture from the air. Common 
salt and caustic potash are good examples of deliques- 
cent substances. 

There is still another method of producing conden- 
sation. If an inelosed space contain water vapor 
enough to bring it to the point of saturation, and if 
the volume of the space be decreased without chang- 
ing the temperature, more molecules will strike upon 
a given surface of the containing walls than when the 
volume of the gas was greater. Since the temperature 
remains the same, the same number of molecules will 
be driven off from a given surface of these walls as 
before. There will, accordingly, be a condensation 
upon the walls, which will continue until enough 
gaseous molecules have been removed to make the ex- 
change again even. 

These are the three known methods of changing 
water vapor to the liquid form—viz., by lowering the 
temperature of the vapor and the other bodies in con- 
tact with it until the point of Saturation has been 
passed, by compressing the vapor until there are 
enough molecules in unit volume to produce satura- 
tion, and by allowing the vapor molecules to strike 
upon some surface which will immediately take them 
into solution or into chemical combination. I know of 
no other method by which water vapor, or any other 
vapor, can be changed into, the liquid form. 

The conditions necessary for the precipitation of the 
aqueous vapor from the atmosphere are, then, as 
follows: 

(1) The air must contain enough molecules of water 
vapor to more than saturate it, and must contain at 
the same time either solid or liquid bodies upon which 
these vapor molecules may be held fast by cohesion ; 
or (2) the air which does not contain enough water 
vapor to saturate it may come in contact with solid or 
liquid substances, which combine with or dissolve the 
water wolecules which strike upon them. 

This latter condition can manifestly play no im- 
portant part in atmospheric precipitation. The only 
condition under which such substances could cause , 
condensation above the earth's surface would necessi- 


| wae Robert von Helmholtz sean that this apparent 


exception was due to the dust particles given off by the 
walls of the vessel at the time of the shock. Since this 
fact has been experimentally established, Lord Keivin 
has shown mathematically that, from the known laws 


'of surface tension in water, it would be impossible for 


a globe of water consisting of only a small number of 
molecules to hold together at all. The same calcula- 
tion has been made by Robert von Helwholtz by means 
of a formula developed by his illustrious father. Aec- 
cording to these calculations, the smallest sphere of 
water which could hold together at 0 C. would be 
0 00015 millimeter or 0000006 inch in diameter. Since 
this is 7,500 times the diameter of a water molecule as 
computed by Lord Kelvin, the smallest drop of water 
which could be held together by cohesion at this tem- 
erature would contain not less than four million wil- 
ions of water molecules. At 40° the smallest possible 
water sphere would have a diameter about twice as 


| great, and would accordingly contain eight times as 
many molecules, 


tate their distribution throughout the atmosphere, | 


and if they were so distributed, they would constantly 
absorb the atmospheric vapor until, loaded down with 


it, they would sink to the earth, and there would be a! 


condition of perpetual rainfall. 

For the general precipitation of atmospheric vapor 
we must accordingly depend upon the condensation 
due to cohesion. Of this form of condensation, dew is 
the simplest illustration. During the day the earth 
and the solid bodies upon its surface are raised by the 
sun’s radiation toa temperature higher than that of 
the surrounding air. So long as this is the case the 
atmospheric vapor will not condense upon them, even 
if the air be cooled to the point of saturation. In the 
night the same substances which absorbed the sun’s 
heat fastest now radiate it fastest and soon become 
colder than the surrounding air. As soon as they are 
cooled to the temperature of saturation of the sur- 
rounding air the vaper molecules begin to condense 
upon their surface. 

Now, the condensation of water vapor in the air 
above the surface of the earth is dependent upon * 
actly the same conditions as the formation of , 
used to be thought that, as soon as the air was a 
to or below the dew point, the molecules of water va- 
por in the air would come together and form drops of 
water. In 1880 Mr. John Aitken, of Seotland, began a 
long and very thorough series of experiments upon the 
condensation of water vapor from the air, and the 
same line of experimentation has been carried still fur- 
ther by Robert von Helmholtz and by Richarz in Ger- 
many. These experiments have all shown that vapor 
condensation within the body of the air only cae 
place upon the surface of dust particles which are 
floating in the air. Indeed, Robert von Helmholtz 
found that when the air was carefully freed from dust 
particles it could be cooled until it contained ten times 
the amount of vapor necessary to saturate it without 
any condensation taking place within the body of the 
air. Aitken thought that he had found one exception 
to this, and that in the case of a sudden shock upon 


the walls of the containing vessel, when the air within| ppancn oFFic and 


was oversaturated, precipitation would take place ; 


(To be continued.) 
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